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Detection of some enzymes and transferrin as early diagnostic markers 
for diabetic nephropathy among type-2 diabetic patients in Gaza  
Abstract 
       Kidney Function assessment is important in diabetic patients and early 
detection of diabetic nephropathy in preclinical stage of disease and will 
contribute to decreasing morbidity and mortality rates. 
       This study focused on the determination of N-acetyl-ß-D-glucosaminidase 
(NAG) and gamma glutamyl transferase (GGT) enzymes, transferrin (TRF) and 
creatinine (CR) in urine  of type-2 diabetic subjects and controls of healthy 
subjects for detection of the relationship between these markers and diabetic 
nephropathy in type-2 diabetic patients in Gaza. 
       Early morning urine samples were collected from 100 diabetic patients, 
their age range was from 40-60 years and some of them have hypertension and 
from 80 control non diabetic subjects with the same age. All the 180 subjects 
did not suffer from urinary tract infection, liver or renal diseases. In addition, the 
control subjects did not suffer hypertension, or abnormalities in carbohydrate 
metabolism. NAG and GGT were measured in urine samples using colorimetric 
assay kits while TRF was assayed using a turbidimetric immunoassay kit. CR 
was assayed using the alkaline picrate method. 
       Urinary TRF concentration, NAG and GGT activities showed significant 
differences between diabetic patients and control. The study showed also that 
these markers did not have significant difference between hypertensive and 
non-hypertensive diabetic patients and no significant difference between males 
and females of patients group. Furthermore, the study showed that 32% have 
shown elevated NAG excretion but GGT excretion was found elevated only in 
15% of cases and TRF was found higher in 29% of patients. One female patient 
had abnormally elevated levels of TRF, NAG and GGT. No correlations was 
found between age, body mass index (BMI), smoking, duration of diabetes, 
systolic or diastolic pressure and these markers. This study indicates that the 
appearance of the NAG, GGT and TRF in urine may be useful as a non-
invasive surrogate test in detecting diabetic nephropathy at an early stage. 
Key words: Diabetic nephropathy, N-acetyl-ß-D-glucosaminidase, Gamma 
glutamyl transferase, Transferrin, Gaza. 
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ن الناقل للحديد آعالمات تشخيصية مبكرة لمرض اعتالل الكلى السكري الكشف عن بعض اإلنزيمات والبروتي
 عند مرضى السكر من النوع الثاني في غزة
          
  الخالصة
 المهمة لدى مرضى السكر فالكشف المبكر عن مرض اعتالل الكلى ت من اإلجراءاىكلالتقييم وظيفِة عتبر ي
 السريرية من المرض يساهم في خفض معدالت اإلصابة قبل الوصول إلى المرحلة مبكرةالسكري في مراحل 
  .هذا المرضلوالوفاة نتيجة 
ل يماو الجاما جلوت) الناج( أن آسيتيل بيتا دي جلوآوز أمينيداز  البحث عن إنزيمي تهدف هذه الدراسة إلى
سكر من النوع  عند مرضى ال والكرياتينين )تي آر اف( والبروتين الناقل للحديد )  تي جي جي( ترانسفيراس 
الثاني ومقارنتهم بأفراد أصحاء وذلك للكشف عن العالقة بين هذه العالمات ومرض اعتالل الكلى السكري عند 
   .مرضى السكر من النوع الثاني في غزة
 
 جزء من هؤالء المرضى مصابين -مريض مصاب بالسكر١٠٠ تم جمع عينات البول في الصباح الباآر من
 ٤٠آانت تتراوح أعمارهم من سن قد وحاء غير مصابين بمرض السكر أو الضغط  شخص أص٨٠  و – بالضغط
آل األفراد الذين شملتهم الدراسة آانوا ال يعانون من مرض التهابات المسالك البولية وآذلك .  سنة ٦٠إلى 
استخدام تقنية    تم فحص إنزيمي الناج والجي جي تي في عينات البول ب. اليعانون من أي مشاآل في الكبد أو الكلية
colorimetric assayبينما البروتين الناقل للحديد تم فحصه باستخدام تقنية  
Turbidimetric Immunoassay أما الكرياتينين فقد تم فحصه بطريقة حمض البكريك ، .  
نزيمي الناج  لقد أظهرت الدراسة أن هناك فروقات ذات داللة إحصائية في ترآيز البروتين الناقل للحديد ونشاط إ
  .بين المرضى المصابين بالسكر واألشخاص األصحاءوالجي جي تي 
 آما أشارت الدراسة إلى أنه اليوجد فروقات ذات داللة إحصائية في ترآيز البروتين الناقل للحديد ونشاط إنزيمي 
  .غير مصابينالناج والجي جي تي بين مرضى السكر الذآور منهم واإلناث وآذلك المصابين منهم بالضغط وال
٪ ١٥ من مرضى السكر آان عندهم ارتفاع في إنزيم الناج وفقط ٪٣٢باإلضافة إلى ذلك فقد أظهرت الدراسة أن 
من ٪ ٢٩د  عنًا آان مرتفع فقد البروتين الناقل للحديدأمامن المرضى آان عنده ارتفاع في إنزيم الجي جي تي 
أظهرت  . العالمات الثالثة في آن واحدارتفاعط تعاني من المرضى المصابين بالسكر، وقد آانت مريضة واحدة فق
 أنه اليوجد عالقة بين العالمات التشخيصية الثالثة المشتملة عليها الدراسة من جهة وبين العمر  ايضاالنتائج
    .  ومعامل آتلة الجسم والتدخين ومدة اإلصابة بمرض السكر وضغط الدم االنقباضي واالنبساطي من جهة أخرى
تنتج من هذه الدراسة أن إنزيمي الناج والجي جي تي وآذلك البروتين الناقل للحديد يمكن أن يستخدموا آعالمات نس
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1.1. Background of the problem 
       Diabetes mellitus is a chronic disease that affects the lives of millions   
around the world. It is a global epidemic with devastating humanitarian, social 
and economic consequences. The disease claims as many lives per year as 
HIV/AIDS and places a severe burden on healthcare systems and economies 
everywhere, with the heaviest burden falling on low- and middle-income 
countries. Yet awareness of the global scale of the diabetes threat remains 
pitifully low [1].  
       The prevalence of DM has increased continually during the last years until 
it became as one of the big health problems in most countries especially; the 
low- and middle-income countries. This will have a major impact on the quality 
of life of hundreds of millions people and their families, overwhelm the capability 
of many national health-care systems, and impact adversely upon the economy 
of those countries that are in most need of development [2]. The prevalence of 
type-2 diabetes is rising at an alarming rate throughout the world, due to 
increase in life expectancy and obesity, and adoption of sedentary lifestyles [3]. 
       Newly released statistics from the CDC illustrate that diabetes has risen by 
over 14% in the last two years in the U.S. The CDC estimates that 20.8 million 
Americans – 7% of the U.S. population – have diabetes, up from 18.2 million in 
2003. The total direct and indirect diabetes cost in the U.S. in 2002 was $132 
billion [4]. Diabetes was the sixth leading cause of death listed on the U.S. 
death certificates in 2002 [ 5]. 
       Mortality from communicable diseases in less developed countries is 
declining. In association with increasing diabetes prevalence, this will inevitably 
result in increasing proportions of deaths from CVD in these countries, as well 
as increased prevalence and associated consequences of other complications 
of diabetes [6].  
       The most common form of human diabetes is type-2 diabetes; this was 
previously referred to as non-insulin-dependent diabetes (NIDDM), maturity 
onset, or non-ketotic diabetes [7]. It is characterized by insulin resistance in 
peripheral tissue and an insulin secretory defect of the beta cell [8]. This type is 
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highly associated with a family history of diabetes, older age, obesity and lack of 
exercise [9].  
       The danger of diabetes comes from complications of the disease. Kidney 
disease is a known complication of diabetes. DN is the major risk factor for 
death in DM [10]. The classical definition of DN is of a progressive rise in urine 
albumin excretion, coupled with increasing blood pressure, leading to declining 
GFR and eventually ESRD [11].  
       DN occurs in approximately one third of individuals with type-1 diabetes, 
recent studies suggest that a similar proportion of type-2 diabetes patients 
develop this serious complication as well [12]. In the U.S., DN accounts for 
about 40% of new cases of ESRD, and in 1997, the cost for treatment of 
diabetic patients with ESRD was in excess of $15.6 billion [13]. The prevalence 
of DN among ESRD patients in Egypt increased from 8.9% in 1996 to 14.5% in 
2001 [14].  
       Therefore, renal function assessment is important in diabetic patients and 
indicators are needed to identify the early structural and functional changes in 
DN [10]. There is good evidence that early treatment delays or prevents the 
onset of DN, or diabetic kidney disease [15].  
       Urinary MAU is an established marker of early DN. MAU is defined as when 
urinary albumin excretion increases but remains undetectable by conventional 
laboratory methods, such as routine urine testing strips [16]. Its presence is an 
indication of early glomerular dysfunction [17]. DN at this microalbuminuric 
stage is reversible with euglycaemic control. Therefore it is pertinent to detect 
nephropathy at or before microalbuminuric stage [18].  
       Recent studies have demonstrated that there is also a tubular component 
to renal complications of diabetes, as shown by the detection of renal tubular 
proteins and enzymes in the urine. In fact, tubular involvement may precede 
glomerular involvement, as several of these tubular proteins and enzymes are 
detectable even before the appearance of MAU [19]. 
       Several studies have shown that increases in certain urinary proteins were 
found in normoalbuminuric diabetic patients [20]. Certain other proteins besides 
albumin may also be excreted in abnormal amounts during this early phase of 
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DN. In some cases these may precede abnormal excretion of albumin [21]. 
Excessive transferrinuria was reported in type-1 and type-2 DM [22]; thus 
transferrinuria may be an additional marker of early nephropathy [23]. 
       Diabetic patients excrete several tubular markers in the urine, including 
lysosomal and brush border enzymes [24] such as N-Acetyl-ß-D-
glucosaminidase (NAG) and gamma glutamyl transpeptidase (GGT). The major 
factor known to be responsible for changes in urinary levels of intracellular 
enzymes is injury to organs or tissues rich in such enzymes. Lysosomal 
enzymes are found in the kidneys, in most other tissues and in circulating blood 
cells. These hydrolases catalyse the hydrolysis of glycoproteins, glycolipids and 
glycosaminoglycans, and may act extracellularly to breakdown endothelial 
membrane glycoconjugates. The use of lysosomal and tubular enzymes 
excreted in urine as noninvasive tests for renal damage has been appreciated 
for years [25]. 
 
1.2. Diabetes in Palestine 
       In Palestine, no or scarce national data are available on the incidence and 
prevalence of DM. The current system counts mainly the visits of the patients to 
the Primary Health Care Department (PHC), which does not reflect the real 
prevalence or incidence. Besides, there is no classification by age or gender 
mainly because of no computerized system. Neither is there any information on 
disabilities resulting from any of the chronic diseases. Additionally, there is 
fragmentation in reporting and managing system regarding non-communicable 
diseases (NCDs) in general and DM in particular. This lack of information leads 
to inability to estimate the direct and indirect cost; resources required e.g. 
drugs, policy and decision-making regarding prevention and treatment [26]. 
 
1.2.1. Prevalence of diabetes mellitus 
       A study conducted in cooperation with Al Quds University and Ministry of 
Health-Palestine (MOH) indicated that the prevalence of DM in Palestine was 
about 9% in 2000. It is around the reported prevalence rate in Egypt and 
Tunisia (9%) and less than in Saudi Arabia (12%) and Oman (13%). In 2004, 
140,578 visits were reported to the governmental PHC-specialized diabetic 
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clinics distributed as 74,011 visits in the Gaza Strip compared to 66,567 visits in 
the West bank [26].  
       In 2001, the Union of Palestinian Medical Relief committee (UPMRC) 
screened 2,482 people through their mobile clinics for diabetes. The preliminary 
results showed that diabetes was present in 18%. These figures should be 
cautiously considered as the targeted population included men and women 
between 35 and 65 of age [26]. 
       In 2004, according to the Demographic and Health Survey, which was done 
by the Palestinian Central Bureau of Statistics (PCBS), 2.2% of surveyed 
persons reported suffering from diagnosed DM. This increased with age, with 
0.1% of those under 18 years, 0.4% for those (18-39) years old, 11.1% for 
those (40- 64) years old and 21.1% for those 65 years or older [26]. 
       According to UNRWA reports, the estimated prevalence rate of DM among 
Palestinian refugees aged 40 years and above was 4.3% in 2000 and 4.7% in 
2001. In 2002, the prevalence rate was 1.6% (1.1% among males and 2.2% 
among females). In 2003, the incidence rate of new reported cases was 242 per 
100,000. The gap between the expected prevalence rates of DM and cases 
under supervision reflects under registration and underreporting, and requires 
special efforts to accelerate early case-finding activities in order to avoid high 
cost of treating the complications and disability consequences of the disease. 
This will give more realistic estimation of the prevalence for appropriate 
evaluation of the problem. In 2004, about 17,033 visits of diabetic and 
hypertension patients were reported in NCDs clinics in Gaza Strip and the 
cummulative reported cases of DM type I were 58 cases and 1,439 cases of 
type-2 DM; in addition to 626 cases who have DM and hypertension. Therefore, 
the reported incidence rate of new cases of DM among refugees was 137.7 per 
100,000 [26]. 
       In Al Remal health center (the only available data in governmental health 
institution) the reported proportion of diabetic patients with obesity (BMI >=30) 
was 58.7% (43% in males and 69.5% in females) while the proportion of 
overweight diabetic patient was 27.4% (36.6% in males and 21.1% in females). 
In 2004, out of total 623 new reported cases of diabetes 31.3% were among 
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age group of 50-64, 31.0% were among age group of 30-49 years, 18% were 
among age group 20-29 years, 16.1% among age 65 years and over and 3.4% 
among age group of 5-19 years [26]. 
 
1.2.2. Cost of antidiabetic drugs in MOH 
       The total cost of antidiabetic drugs in MOH which was used in the 
governmental health centers was 732,561 US$ in 2004, out of which 623,436 
US$ for insulin and 109,125 US$ for oral antidiabetic agents. The annual 
average cost of antidiabetic drugs was 812,933 US $ during the last 4 years; 
equals about 5.6% of total drugs expenditure in MOH [26]. 
 
1.2.3. Mortality of diabetes mellitus 
       In Palestine: DM constituted 3.6% of total population deaths, 372 persons 
(176 males and 196 females) died with mortality rate of 10.2 per 100,000. The 
average annual mortality rate of DM was 12.4 per 100,000 populations in the 
last five years. 
       In Gaza Strip: 215 persons died with mortality rate of 16.1 per 100,000 (98 
males and 117 females). In the West Bank: 157 persons died with mortality rate 
of 6.8 per 100,000 (78 males and 79 females). 
       In 2004, the contribution of diabetes in mortality was reported in age 60 
years and above (187.2 per 100,000 Populations). The proportion of DM 
mortality among males was 3.0% while for females was 4.5% of the total deaths 
[26]. 
 
1.3. Global prevalence of  diabetes mellitus 
 
       The IDF estimated that 246 million people worldwide will live with the 
disease in 2007, representing 5.9% of the adult population (20-79 age groups). 
The number is expected to reach some 380 million by 2025, representing 7.1% 
of the adult population [1].     
       The Western Pacific Region (WP) with 67 million and the European Region 
(EUR) with 53 million will have the highest number of people with diabetes in 
2007. However, in terms of prevalence, it is the Eastern Mediterranean and 
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Middle East Region (EMME)  which has the highest rate (9.2%) followed by the 
North American Region (NA) (8.4%) [1]. 
       By 2025 the diabetes prevalence of the South and Central America Region 
(SACA) is expected to be nearly as high (9.3%) as that of the North American 
Region(NA) (9.7%). The Western Pacific Region (WP) will continue to have the 
highest number of people with diabetes, with some 100 million, representing an 
almost 50% increase from 2007 [1]. 
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1.4. Aim of the study  
       Since there is no published studies in Gaza for early diagnosis of DN using 
the approved markers so this study aimd at determining NAG and GGT 
enzymes and TRF as early diagnostic markers for DN in early morning urine 
sample from a group of type-2 diabetic subjects in comparison with control 
subjects.  
The Specific objectives were: 
• To determine NAG and GGT enzymes and TRF in urine of control and type-
2 diabetic patients. 
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• To detect the relationship between urinary enzymes (NAG and GGT) and 
DN in type-2 diabetic patients in Gaza. 
• To detect the relationship between transferrinuria and DN in type-2 diabetic 
patients in Gaza. 
• To investigate the correlation between these markers and proposed risk 
factors. 
• To provide reliable information for physicians and policy makers that may 
help in early diagnosis, prognosis, treatment and decreasing the incidence 
of DN among type-2 diabetic patients in  Gaza. 
 
1.5. Significance 
• Urinary enzymes (NAG and GGT) and transferrinuria provide a sensitive 
non-invasive test for renal damage. 
• Because the excretion of urinary enzymes varies with the activity of renal 
disease, they can be used to monitor the rate of recovery. 
• Urinary enzymes (NAG and GGT) are useful as an early predictor of DN. 
• Increased urinary TRF excretion could predict development of MAU in 
normoalbuminuric type-2 diabetic patients so it  can be used as early 
























































2.1. Diabetes mellitus 
2.1.1. History of diabetes mellitus 
       DM as a disease, for example a constellation of symptoms, but not its 
pathogenesis, has been known by physicians for nearly 3,500 years in ancient 
Egypt. The Ebers papyrus dating from 1550 BC was found in a grave in Thebes 
region south of Egypt in 1862, and named after the Egyptologist Geary Ebers. 
The papyrus contains descriptions of various diseases; among them is a 
polyuric syndrome, presumably diabetes [27].  
       The Verdic medical treatises from ancient India described, in detail, 
diabetes like conditions of 2 types: Congenital and late onset. Also, the Indians 
noticed the relation of diabetes to heredity, obesity, sedentary life and diet. The 
first time association of polyuria with a sweet-tasting substance was reported in 
the Indian literature from the 5th-6th century AD by Sushrant (a notable Indian 
physician) [27].  
       Araetus of Cappodocia (81-138 AD); who was best known for his 
differentiation between physical and mental disease, described diabetes as a 
polyuric wasting disease. Araetus used the Greek word diabetes, literally 
meaning to run through or siphon, to describe the disease [27].  
       An Arab physician, Avicenna (960-1037) described accurately the clinical 
features and some complications of diabetes (peripheral neuropathy, gangrene 
and erectile dysfunction). Avicenna emphasized the idea of sweet taste of urine 
and may have introduced it to the European observers as his book (Kanon) had 
influenced the medical practice for several centuries [27].  
       The modern era in the history of diabetes started with the rediscovery of 
Thomas Willis in 1675 of sweetness of urine of diabetic patients. Willis , who 
was a physician at Guy’s Hospital in London, United Kingdom, added the Latin 
word mellitus, literally meaning honey sweet to the Greek diabetes to describe 
the disease. But Willis could not attribute this urine sweetness to presence of 
sugar. Four years later, Frank classified the disease, on the basis of presence 
of sugar-like substance into diabetes insipdus (tasteless urine) and diabetes 
vera (sweet urine). Approximately a century later, Mathew Dobson (1735-1784), 
a Liverpool physician, confirmed the presence of sugar in both urine and blood 
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of diabetic patients in 1776. later, in 1815, Michael Chevreal (a French chemist) 
demonstrated the sugar was in fact glucose. Dobson did not establish the origin 
of the excess sugar. He deduced that the excess urine sugar was not produced 
in the kidney as was thought but it previously existed in the blood and the body 
failed to assimilate it. Thus diabetes from Dobson’s view was a systemic 
disease and not ‘kidney malady’. This observation led the diabetes research in 
the right tract as a defect in carbohydrate metabolism [27].  
 
2.1.2. Definition and description of diabetes mellitus 
       DM is a group of metabolic diseases characterized by hyperglycemia 
resulting from defects in insulin secretion, insulin action, or both [28]. Insulin is a 
hormone or chemical produced by cells in the pancreas. Insulin bonds to a 
receptor site on the outside of cell and acts like a key to open a doorway into 
the cell through which glucose can enter. Some of the glucose can be 
converted to concentrated energy sources like glycogen or fatty acids and 
saved for later use. When there is not enough insulin produced or when the 
doorway no longer recognizes the insulin key, glucose stays in the blood rather 
entering the cells, a condition called hyperglycemia  [29].  
       The body will attempt to dilute the high level of glucose in the blood by 
drawing water out of the cells and into the bloodstream in an effort to dilute the 
sugar and excrete it in the urine. It is not unusual for people with undiagnosed 
diabetes to be constantly thirsty, drink large quantities of water, and urinate 
frequently as their bodies try to get rid of the extra glucose. This creates high 
levels of glucose in the urine [29]. 
       At the same time the body is trying to get rid of glucose from the blood, the 
cells are starving for glucose and sending signals to the body to eat more food, 
thus making patients hungry. To provide energy for the starving cells, the body 
also tries to convert fats and proteins to glucose. The breakdown of fats and 
proteins for energy causes acid compounds called ketones to form in the blood. 
Ketones also will be excreted in the urine. As ketones build up in the blood, a 
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condition called ketoacidosis can occur. This condition can be life threatening if 
left untreated, leading to coma and death [29]. 
2.1.3. Classification of diabetes mellitus 
       Four major types of diabetes have been defined by the NDDG and the 
WHO: insulin-dependent diabetes mellitus type-1 (IDDM), non-insulin-
dependent diabetes mellitus type-2 (NIDDM), gestational diabetes mellitus 
(GDM), and diabetes secondary to other conditions such as pancreatic disease, 
hormonal disease, drug or chemical exposure, insulin receptor abnormalities 
and certain genetic syndromes [30].  
 
2.1.3.1. Type-1 diabetes 
       Type-1 diabetes is also called juvenile-onset diabetes and accounts for only 
5–10% of those with diabetes. It results from a cellular-mediated autoimmune 
destruction of the beta-cells of the pancreas. The rate of beta cell destruction is 
quite variable, being rapid in some individuals (mainly infants and children) and 
slow in others (mainly adults). Some patients, particularly children and 
adolescents, may present with ketoacidosis as the first manifestation of the 
disease. Others have modest fasting hyperglycemia that can rapidly change to 
severe hyperglycemia and/or ketoacidosis in the presence of infection or other 
stress. Still others, particularly adults, may retain residual beta cell function 
sufficient to prevent ketoacidosis for many years; such individuals eventually 
become dependent on insulin for survival and are at risk for ketoacidosis. At this 
latter stage of the disease, there is little or no insulin secretion. Immune 
mediated diabetes commonly occurs in childhood and adolescence, but it can 
occur at any age, even in the 8 th and 9th decades of life. Autoimmune 
destruction of beta cells has multiple genetic predispositions and is also related 
to environmental factors that are still poorly defined. Although patients are rarely 
obese when they present with this type of diabetes, the presence of obesity is 





2.1.3.2. Type- 2 diabetes 
       Type-2 diabetes is also called adult-onset diabetes and accounts for 90–
95% of those with diabetes. It encompasses individuals who have insulin 
resistance and usually have relative (rather than absolute) insulin deficiency. At 
least initially, and often throughout their lifetime, these individuals do not need 
insulin treatment to survive. Although the specific etiologies are not known, 
autoimmune destruction of beta cells does not occur [31].  
       Most patients with this form of diabetes are obese, and obesity itself causes 
some degree of insulin resistance. Patients who are not obese by traditional 
weight criteria may have an increased percentage of body fat distributed 
predominantly in the abdominal region. Ketoacidosis seldom occurs 
spontaneously in this type of diabetes; when seen, it usually arises in 
association with the stress of another illness such as infection [31].  
       This form of diabetes frequently goes undiagnosed for many years because 
the hyperglycemia develops gradually and at earlier stages is often not severe 
enough for the patient to notice any of the classic symptoms of diabetes. 
Nevertheless, such patients are at increased risk of developing macrovascular 
and microvascular complications [31].  
       The resistance to insulin could result from defect at several levels of insulin 
action. a) Decreased insulin receptor binding which is attributable to a decrease 
in receptor number with no changes in receptor affinity and is believed to be 
secondary to down-regulation of the receptor by the elevated basal endogenous 
insulin level. b) Decrease in the tyrosine kinase activity of the receptor [32]. 
Insulin resistance may improve with weight reduction and/or pharmacological 
treatment of hyperglycemia but is seldom restored to normal [31].  
       The risk of developing this form of diabetes increases with age, obesity, 
and lack of physical activity. It occurs more frequently in women with prior GDM 
and in individuals with hypertension or dyslipidemia, and its frequency varies in 
different racial/ ethnic subgroups. It is often associated with a strong genetic 
predisposition, more so than is the autoimmune form of type-1 diabetes. 
However, the genetics of this form of diabetes are complex and not clearly 
defined [31]. 
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2.1.3.3. Gestational diabetes mellitus (GDM) 
       GDM is defined as any degree of glucose intolerance with onset or first 
recognition during pregnancy. The definition applies regardless of whether 
insulin or only diet modification is used for treatment or whether the condition 
persists after pregnancy. It does not exclude the possibility that unrecognized 
glucose intolerance may have antedated or begun concomitantly with the 
pregnancy. GDM complicates 4% of all pregnancies in the U.S., resulting in 
135,000 cases annually. The prevalence may range from 1 to 14% of 
pregnancies, depending on the population studied. GDM represents nearly 90% 
of all pregnancies complicated by diabetes. Deterioration of glucose tolerance 
occurs normally during pregnancy, particularly in the 3rd trimester [31]. 
 
2.1.4. The insulin  
       Insulin is synthesized in the pancreas within the beta cells (β-cells) of the 
islets of Langerhans. Within the islets of Langerhans, beta cells constitute 60–
80% of all the islets cells. Insulin is composed of 51 amino acid residues and 
has a molecular weight of 5808 Da. In beta cells, insulin is synthesized from the 
proinsulin precursor molecule by the action of proteolytic enzymes, known as 
prohormone convertases (PC1 and PC2), as well as the exoprotease 
carboxypeptidase E. These modifications of proinsulin remove the center 
portion of the molecule, or C-peptide, from the C- and N- terminal ends of the 
proinsulin. The remaining polypeptides (51 amino acids in total), the B and A 
chains, are bound together by disulfide bonds [33]. 
       The actions of insulin on the global human metabolism level include: control 
of cellular intake of certain substances (most prominently glucose in muscle and 
adipose tissue), increase of DNA replication and protein synthesis via control of 
amino acid uptake and modification of the activity of numerous enzymes 
(allosteric effect) [33]. These effects are the response of the activation of the 
insulin receptor which belongs to the class of cell surface receptors that exhibit 
intrinsic tyrosine kinase activity. The insulin receptor is a heterotetramer of 2 
extracellular a-subunits disulfide bonded to 2 transmembrane b-subunits. With 
respect to hepatic glucose homeostasis, the effects of insulin receptor activation 
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are specific phosphorylation events that lead to an increase in the storage of 
glucose with a concomitant decrease in hepatic glucose release to the 
circulation. In most nonhepatic tissues, insulin increases glucose uptake by 
increasing the number of plasma membrane glucose transporters [34].  
Insulin is used medically to treat some forms of DM. Patients with type-1 DM 
depend on external insulin (most commonly injected subcutaneously) for their 
survival because of the absence of the hormone. Patients with type-2 DM have 
insulin resistance, relatively low insulin production, or both; some type-2 
diabetics eventually require insulin when other medications become insufficient 
in controlling blood glucose levels [33]. 
 
2.1.5. Diet and exercise in diabetes  
       Diet and exercise are two of the most important modalities in the therapy of 
diabetes and have been considered in its management for centuries [32].  
 
2.1.5.1. Principles of diet therapy in diabetes 
        The diet for a diabetic individual must be planned according to the age; 
nutritional status; severity of metabolic disorder; level of physical activity; 
educational, social, and economic factors; and the presence of any associated 
problems such as hyperlipidemia, hypertension, or renal disease. In most 
patients with type-2 diabetes and associated obesity, the primary goal is to 
achieve compliance with a hypocaloric, yet practical meal plan to succeed in 
weight reduction. Even modest weight reduction can improve various aspects of 
type-2 diabetes (e.g., glucose control, insulin secretion, insulin action) and 
improve hypertension and hyperlipidemia, which frequently coexist in such 
patients [32]. 
  
2.1.5.2 Exercise and diabetes  
       Exercise potentiates the effects of insulin but, in the absence of adequate 
insulin reserve, it can cause a deterioration of diabetes control and even 
ketoacidosis. In fairly well-controlled, nonketotic diabetic subjects, an intensive 
exercise period may variably reduce the blood glucose level or result in clinical 
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hypoglycemia. In some patients, hypoglycemia may develop several hours after 
strenuous exercise, reflecting an increased muscle glucose uptake to replenish 
glycogen stores, as well as an enhanced insulin sensitivity. The extent of 
glucoregulation during exercise depends upon the intensity of exercise, insulin 
availability, and the level of sympathetic activation and other counterregulatory 
hormones. Exercise also increases insulin binding to circulating erythrocytes 
and monocytes, and presumably to muscle cells, similar to its effects in normal 
persons. Exercise also augments the insulin absorption rate from subcutaneous 
sites [32].  
 
2.2. Complications of diabetes mellitus 
       Diabetes complications include both acute glycemic complications and 
chronic complications [35, 36]. The major aim of diabetes management is to 
prevent these complications [37]. 
 
2.2.1. Acute glycemic complications 
       The acute metabolic complications of diabetes include: 
 
2.2.1.1. Diabetic ketoacidosis  (DKA) 
        DKA is clinically defined by absolute insulin deficiency with hyperglycemia 
(glucose levels usually >200 mg/dl) with increased lipolysis, increased ketone 
production, hyperketonemia and acidosis (pH < 7.3 or bicarbonate  ≤15 mEq/L). 
Normoglycemic ketoacidosis has been reported and milder forms of 
ketoacidosis have also been described with bicarbonate levels between 15-18 
mEq/L. DKA usually occurs in the context of total insulin deficiency, such as in 
type-1 DM. It occurs rarely in type-2 DM under the stress of acute illness. When 
DKA occurs in patients with type-2, it may represent a transition to insulin 
deficiency. DKA may be the initial manifestation of diabetes, particularly for 
type-1, in 20-30% of cases of DKA. Precipitating factors for DKA in those with 
established diabetes include infection, other acute illnesses, lack of diabetes 
education and training, noncompliance, poor self-care, inadequate glucose 
monitoring, psychological problems, and indeterminate causes [30]. Very often, 
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no known precipitating factor can be identified, but under these circumstances, 
it is most likely related to poor compliance, poor self-care habits, and 
unrecognized subclinical illness [30]. 
 
2.2.1.2. Hyperosmolar hyperglycemic nonketotic coma (HHNKC) 
       HHNKC is clinically defined by the presence of relative insulin deficiency 
and hyperglycemia, usually >1,000 mg/dl with associated elevated serum 
osmolality (>300 mosm/kg), dehydration, and stupor, progressing to coma if 
uncorrected, without the presence of ketosis or acidosis. These patients have 
sufficient circulating insulin to prevent lipolysis and ketosis [30].  
       patients with type-2 DM have insulin insensitivity. Hepatic glucose 
production is accelerated and hyperglycemia occurs. An increase in counter-
regulatory hormone (e.g., glucagons, catecholamines, cortisol, and growth 
hormone) secretion further increases hepatic glucose output and decreases 
extrahepatic glucose use. There is then increasing hyperglycemia, which is 
exacerbated by oral carbohydrate ingestion, because the extra glucose load 
cannot be metabolized. There is still sufficient insulin, however, to prevent 
accelerated lipolysis. The hyperglycemia leads to intracellular fluid loss and 
osmotic diuresis with dehydration, hemoconcentration, and further worsening of 
the hyperglycemia. Potassium is lost from cells and excreted in the urine. The 
loss of potassium conceivably may further inhibit insulin secretion [32].  
       HHNKC occurs at about a tenth of the frequency of classical DKA; 
however, it carries a much higher mortality. This is consistent with the finding 
that most patients are older than 50 years of age. It usually occurs in patients 
with type-2 DM and often is the first indication that the patient has diabetes [32].  
       The precipitating factors for HHNKC are multiple. Infection is the single 
most important factor, with presumed counter-regulatory hormone 
hypersecretion as the cause of the metabolic disturbance. Cardiovascular 
emergencies, such as a cerebrovascular accident and myocardial infarction, are 
the other major factors. The cerebrovascular accident is particularly important 
because it can cause severe hyperglycemia. This may be associated with an 
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inability to drink, and hyperosmolality can ensue. Drugs such as corticosteroids 
and thiazides also precipitate HHNKC [32].  
 
2.2.1.3. Lactic acidosis (LA) 
       LA consists of elevated lactic acid (lactic acidemia, >2.0 mmol/L) with 
acidosis (pH <7.3) and without ketoacidosis. There may be low levels of 
ketones present. Approximately half of the reported cases of LA have occurred 
in patients with diabetes. Occasionally a combined LA and DKA may be 
present. In this situation, the presence of excess lactate may decrease 
production of acetoacetate, which is measured by dipstick methods for ketones, 
but beta hydroxybutyrate levels may remain elevated with an increased ratio of 
beta hydroxybutyrate to acetoacetate. Under the circumstances of combined LA 
and DKA, LA predominates by laboratory parameters and may mask an 
associated or underlying DKA [32]. 
 
2.2.1.4. Hypoglycemia 
       Biochemically, hypoglycemia can be defined as any blood glucose level <50 
mg/dl. This definition is not satisfactory, however, because many episodes of 
hypoglycemia with blood glucose levels < 50 mg/dl go unnoticed by patients 
with DM, particularly during sleep, and because some patients can experience a 
seizure or severe neurologic impairment at blood glucose levels > 50 mg/dl [38].  
       Clinical definitions of hypoglycemia are preferred that depend on the 
severity and type of symptoms or signs. Mild hypoglycemia is defined as any 
episode associated with cholinergic symptoms such as diaphoresis or 
adrenergic symptoms such as tachycardia, palpitations, or shakiness. Moderate 
hypoglycemia is defined as an episode with some readily apparent neurologic 
dysfunction resulting from deficient glucose supply to the nervous system. 
Symptoms and signs of moderate hypoglycemia include decreased 
concentration, confusion, blurred vision, poor coordination, and somnolence. By 
definition, patients in this category can initiate self-treatment. In contrast, 
episodes of hypoglycemia in which the patient's neurologic status is so severely 
compromised that assistance by another person is required are defined as 
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severe hypoglycemia. Symptoms and signs of severe hypoglycemia include 
seizure, loss of consciousness, severe disorientation, totally inappropriate 
behavior, and inability to be aroused from sleep [38].  
       Hypoglycemia associated with insulin therapy may be related to errors in 
dosage, delayed or skipped meals, exercise, and intensity of glycemic control, 
variation in absorption of circulating insulin from subcutaneous depots, 
variability of insulin binding, degradation, impairment of counter regulation, and 
possibly the use of human insulin. Impairment of counter regulation and 
autonomic neuropathy contributes to hypoglycemic unawareness, which further 
complicates insulin therapy in diabetes management and glycemic control. The 
frequency of hypoglycemic events is increased in diabetic patients who have 
renal, adrenal, or pituitary insufficiency [38]. 
 
2.2.2. Chronic complications of diabetes mellitus  
       The chronic complications of DM are responsible for most of the morbidity 
and mortality associated with this disease [36]. The major chronic diabetes 
complications include both microvascular disease which affect capillaries and 
small blood vessels (diabetic retinopathy, nephropathy, and neuropathy), [37, 
39] and macrovascular disease which affecting large arteries (cardiovascular 
disease, peripheral vascular disease, and cerebrovascular disease), [31, 30]. 
The risk of developing any of these complications increases with longer duration 
of the disease [39]. The presence of complications almost triples the mean cost 
of managing diabetes per patient, from $4000 to $10 000 per annum. Although 
macrovascular disease is the major cause of morbidity and mortality in type-
2 diabetes, [40] microvascular complications are often present when diabetes is 
diagnosed, even in people with no symptoms. Prevalences at diagnosis are: 
retinopathy, about 20%; neuropathy, 9%; and overt diabetic nephropathy, up to 
10% [37]. The risk of developing complications is variable (table 2.1). For 
nephropathy, in particular, a strong but unknown genetic influence exists. The 
duration of diabetes, glycaemic control, and hypertension are the strongest risk 
factors for microvascular disease; smoking, blood pressure, lipids, are the 
strongest risk factors for macrovascular disease [41]. The prevention of the 
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chronic complications of diabetes involves not only glucose control but also 
specific risk factor modification and treatment strategies aimed directly at the 
prevention and treatment of chronic complications [36]. 
 
Table 2.1: Risk factors for the development of complications of diabetes 
[39] 
+=Moderate risk factor; ++=strong risk factor. 
 
2.2.2.1. Macrovascular complications  
2.2.2.1.1. Cardiovascular Disease 
       Cardiovascular disease remains a major problem for diabetic patients. 
Among type-2 diabetic USA patients, up to 75% of deaths are attributed to 
CVDs [42]. Myocardial ischemia due to coronary atherosclerosis commonly 
occurs without symptoms in patients with diabetes.  As a result, multivessel 
atherosclerosis often is present before ischemic symptoms occur and before 
treatment is instituted. A delayed recognition of various forms of CHD 





Non-modifiable   
Genetic (susceptibility or 
protective ) 
++ ++ 
Ethnic origin + + 




Glycaemic control ++ + 
Blood pressure ++ ++ 
Blood lipids + ++ 
Smoking + ++ 
BMI + + 
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reason for the poor prognosis in patients with both diabetes and ischemic heart 
disease seems to be an enhanced myocardial dysfunction leading to 
accelerated heart failure (diabetic cardiomyopathy). Thus; patients with diabetes 
are unusually prone to congestive heart failure. Several factors probably 
underlie diabetic cardiomyopathy: severe coronary atherosclerosis, prolonged 
hypertension, chronic hyperglycemia, microvascular disease, glycosylation of 
myocardial proteins, and autonomic neuropathy. Improved glycemic control, 
better control of hypertension, and prevention of atherosclerosis with 
cholesterol-lowering therapy may prevent or mitigate diabetic cardiomyopathy. 
Several predisposing factors simultaneously affect the development of CVD and 
DM. Among these concomitant factors are obesity, physical inactivity, heredity, 
sex, and advancing age. To some extent, these predisposing factors 
exacerbate the major risk factors: dyslipidemia, hypertension, and glucose 
tolerance; and they may cause CVD and DM through other pathways as well. 
To a large extent, both CVD and diabetes must be prevented through control of 
the predisposing risk factors. Modification of life habits is at the heart of the 
public health strategy for prevention of CVD and DM. High priorities are the 
prevention (or treatment) of obesity and promotion of physical activity. Drug 
therapy nonetheless may be required to control the metabolic risk factors, 
particularly when they arise from genetic aberration and aging. Effective drugs 
are currently available for treatment of hypertension and dyslipidemia. 
Hypoglycemic agents also are available for treatment of type-2 diabetes, but 
new pharmacological strategies are under investigation for more effective 
treatment and prevention [43]. 
 
2.2.2.1.2. Peripheral vascular disease 
       The incidence of peripheral vascular disease in diabetic patients between 
the sexes is almost equal and occurs more commonly below the knees. 
Because atherosclerosis of large vessels, small vessels, or arterioles does not 
progress at the same rate, it is possible to have more severe disease in small 
vessels, leading to small patchy areas of gangrene of the foot or the toes in the 
presence of a palpable dorsal pedal or posterial tibial pulse. In addition, 
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collateral circulation may develop poorly in diabetic patients. Calcification in the 
medium- sized muscular arteries (Monckeberg's sclerosis) is also increased in 
diabetic patients. This process involves degeneration of smooth muscle cells, 
followed by calcium deposition [37].  
       The earliest symptom of peripheral vascular disease is intermittent 
claudication, which is characterized by pain on walking and is relieved by 
stopping. This usually begins in the calf, and may involve various muscle 
groups, depending on the location of the occlusion. A more serious symptom is 
rest pain, which usually is worse at night and may require narcotics for relief. 
Because rest pain often is relived by sitting with the feet dependent, edema of 
the legs may occur in those patients who sleep in a chair [37].  
       A cold foot is a common complaint in patients with peripheral arterial 
insufficiency. The cold feet are what prompt the diabetic patients to use heating 
pads, often resulting in burns to their relatively insensitive feet. The presence of 
diabetic neuropathy is the main and primary cause of foot lesions. Because of 
sensory deficiency, diabetic patients may repeatedly injure their feet, which then 
may heal poorly because of the compromised vasculature. The poor blood 
supply results in malnutrition of the foot, leading to thickened nails, diminished 
subcutaneous fat, and loss of hair. Frequently, there is associated fungal 
infection [37]. 
 
2.2.2.1.3 Cerebrovascular disease                                                                                            
       Studies documented a strong association of diabetes with risk of stroke, 
especially strokes due to vascular disease and infarction. Most ischemic strokes 
in diabetic patients are due to occlusion of small paramedial penetrating 
arteries. The occlusions cause small infarcts within the white matter of the brain. 
Diabetic autonomic neuropathy may contribute to the development of 
cerebrovascular disease in people with diabetes. Elevated blood pressure is the 
major risk factor for stroke. Other risk factors for stroke, besides diabetes, 
include cigarette smoking and a high level of LDL cholesterol. Stroke is 
substantially increased in individuals who have other vascular diseases, 
especially coronary heart disease, left ventricular hypertrophy, atrial fibrillation, 
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and peripheral vascular disease. Preventing stroke in people with diabetes is 
feasible through identifying and treating risk factors, especially hypertension, 
cigarette smoking, and high LDL cholesterol [30]. 
 
2.2.2.2. Microvascular complications 
2.2.2.2.1. Diabetic neuropathies  
       Diabetic neuropathies are a family of nerve disorders caused by diabetes. 
People with diabetes can develop nerve problems at any time, but the longer a 
person has diabetes, the greater the risk. An estimated 50 % of those with 
diabetes have some form of neuropathy, but not all with neuropathy have 
symptoms. The highest rates of neuropathy are among people who have had 
the disease for at least 25 years. Diabetic neuropathy also appears to be more 
common in people who have had problems controlling their blood glucose 
levels, in those with high levels of blood fat and blood pressure, in overweight 
people, and in people over the age of 40 [44].  
       Nerve damage is likely due to a combination of factors: metabolic factors; 
such as high blood glucose, long duration of diabetes, possibly low levels of 
insulin, and abnormal blood fat levels, neurovascular factors; leading to damage 
to the blood vessels that carry oxygen and nutrients to the nerves, autoimmune 
factors that cause inflammation in nerves, mechanical injury to nerves such as 
carpal tunnel syndrome, inherited traits that increase susceptibility to nerve 
disease and lifestyle factors such as smoking or alcohol use [44]. 
       Symptoms may include: numbness, tingling, or pain in the toes, feet, legs, 
hands, arms, and fingers;  wasting of the muscles of the feet or hands, 
indigestion, nausea, or vomiting, diarrhea or constipation, dizziness or faintness 
due to a drop in postural blood pressure, problems with urination, erectile 
dysfunction (impotence) or vaginal dryness and weakness. In addition, the 
following symptoms are not due to neuropathy but nevertheless often 
accompany it; weight loss and depression [44]. 
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       Diabetic neuropathies can be classified as peripheral, autonomic, proximal, 
and focal. Each affects different parts of the body in different ways. Peripheral 
neuropathy causes either pain or loss of feeling in the toes, feet, legs, hands, 
and arms. Autonomic neuropathy causes changes in digestion, bowel and 
bladder function, sexual response, and perspiration. It can also affect the 
nerves that serve the heart and control blood pressure. Autonomic neuropathy 
can also cause hypoglycemia (low blood sugar) unawareness, a condition in 
which people no longer experience the warning signs of hypoglycemia. 
Proximal neuropathy causes pain in the thighs, hips, or buttocks and leads to 
weakness in the legs. Focal neuropathy results in the sudden weakness of one 
nerve, or a group of nerves, causing muscle weakness or pain. Any nerve in the 
body may be affected [44]. 
  
2.2.2.2.2. Diabetic retinopathy 
       Diabetic retinopathy is the most common diabetic eye disease and a 
leading cause of blindness in American adults [45]. Most patients develop 
diabetic changes in the retina after approximately 20 years. Over time, diabetes 
affects the circulatory system of the retina [46].  
       The earliest phase of the disease is known as background diabetic 
retinopathy. In this phase, the arteries in the retina become weakened and leak, 
forming small, dot-like hemorrhages. These leaking vessels often lead to 
swelling or edema in the retina and decreased vision [46].  
       The next stage is known as proliferative diabetic retinopathy. In this stage, 
circulation problems cause areas of the retina to become oxygen-deprived or 
ischemic. New, fragile, vessels develop as the circulatory system attempts to 
maintain adequate oxygen levels within the retina. This is called 
neovascularization. Unfortunately, these delicate vessels hemorrhage easily. 
Blood may leak into the retina and vitreous, causing spots or floaters, along with 
decreased vision. In the later phases of the disease, continued abnormal vessel 
growth and scar tissue may cause serious problems such as retinal detachment 
and glaucoma [46].  
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       Some common symptoms of diabetic retinopathy are blurred vision (this is 
often linked to blood sugar levels), floaters and flashes and sudden loss of 
vision. Researchers have found that diabetic patients who are able to maintain 
appropriate blood sugar levels have fewer eye problems than those with poor 
control. Diet and exercise play important roles in the overall health of those with 
diabetes. Diabetics can also greatly reduce the possibilities of eye 
complications by scheduling routine examinations with an ophthalmologist [46]. 
 
2.3. Diabetic nephropathy 
2.3.1. Structure and function of the kidney 
       The structural and functional unit of the kidney is the nephron, (figure 2.1). 
A nephron is composed of a glomerulus (the filter), a proximal convoluted tubule 
(primary site of reabsorption) is the longest section of the nephron and their 
walls are formed by a low columnar epithelium. The eosinophilic cells of the 
epithelium have a wide brush border (long microvilli) and are active in 
endocytosis., A long loop of Henle (thin-walled descending loop and thick-
walled ascending loop), a distal convoluted tubule (secondary site of 
reabsorption), and a collecting tubule and collecting ducts (sites of water 
reabsorption and urine concentration). Most regions of each nephron are 
closely associated with the bloodstream [47].     
       Blood first enters the kidney through the renal artery, which branches into a 
network of tiny blood vessels called arterioles. These arterioles then carry the 
blood into the tiny blood vessels of the glomerulus. It is here, in the renal 
corpuscle, where filtration occurs. The glomerulus filters proteins and cells, 
which are too large to pass through the membrane channels of this specialized 
component, from the blood. These large particles remain in the blood vessels of 
the glomerulus, which join with other blood vessels so that the proteins remain 
circulating in the blood throughout the body. The small particles (e.g., ions, 
sugars, and ammonia) pass through the membranes of the glomerulus into 
Bowman's capsule. These smaller components then enter the membrane-
enclosed tubule in essentially the same concentrations as they have in the 
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blood. Hence, the fluid entering the tubule is identical to the blood, except that it 






















        The tubule functions as a dialysis unit, in which the fluid inside the tubule is 
the internal solution and the blood (in capillaries surrounding the tubule) acts as 
the external solution. Particles may pass through the membrane and return to 
the blood stream in the process known as reabsorption.  The reabsorption of 
many blood components is regulated physiologically. Alternatively, particles 
may pass through the membrane from the blood into this tubule in the process 
known as secretion. The most important particles that are secreted from the 
blood back into the tubules are H+ and K+ ions, as well as organic ions from 
foreign chemicals or the natural by-products of the body's metabolism [48]. 
Figure 2.1: Structure of the Nephron [49]
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       The blood components that remain in the nephron when the fluid reaches 
the collecting duct are excreted from the body. The collecting duct from one 
nephron meets up with many others to feed into the ureter. The ureters (one 
from each kidney) enter the bladder, which leads to the urethra, where the liquid 
waste is excreted from the body. Hence, the material that is filtered and 
secreted from the blood into the tubule is less than the amount that is 
reabsorbed into the blood,  which is ultimately excreted from the body [48]. 
       From the overview of kidney function above, it is clear that blood 
components (e.g., water, ions, and sugars) must be able to pass between the 
nephron tubules and the blood-filled capillaries surrounding them. But the 
phospholipid-bilayer membranes are not permeable to polar molecules, 
because the interior lipid region of the membrane is nonpolar. Thus, the polar 
components of blood could not cross the membranes surrounding the tubules 
unless these membranes contained special channels to allow the passage of 
polar species. The channels required to allow the passage of polar blood 
components are formed by proteins embedded in the phospholipid-bilayer 
membrane. Proteins that form channels in the membrane typically have 
membranespanning cylindrical shapes: there is a hydrophobic surface that can 
interact with the “tail” region of the phospholipidbilayer membrane and a hollow 
internal core that forms the pore. These proteins form a "tunnel" from the 
aqueous phase on one side of the membrane to the aqueous phase on the 
other side of the membrane. The size of the tunnel determines the size of the 
particles that will be able to pass through the channel. If the internal core of the 
protein channel is lined with hydrophilic amino-acid residues, then the channel 
allows passage of polar or charged particles between the two aqueous sides of 
the membrane. These channels may be left open continuously, or they may be 
opened and closed by elaborate cellular gating mechanisms. In either case, 
passage of particles through the membrane is dictated by the size, shape, and 





2.3.2 Definition, stages and clinical features of diabetic nephropathy 
       DN has been defined by the presence of proteinuria >0.5 g/24h. This stage 
has been referred to as overt nephropathy, clinical nephropathy, proteinuria, or 
macroalbuminuria [50]. In the early 1980s, studies from Europe revealed that 
small amounts of albumin in the urine, not usually detected by conventional 
methods, were predictive of the later development of proteinuria type-2 diabetic 
patient. This stage of renal involvement was termed MAU or incipient 
nephropathy [51]. DN is usually accompanied by hypertension, progressive rise 
in proteinuria, and decline in renal function [52]. DN is a spectrum of 
progressive renal lesions ranging from renal hyperfiltration to end stage kidney 
disease. The earliest clinical evidence of nephropathy is the presence of MAU 
(table 2.2). It occurs in 30% of type-1 diabetics 5 to 15 years after diagnosis but 
may be present at diagnosis in type-2 diabetics as the time of onset of type-2 
diabetes is often unknown. MAU progresses to overt proteinuria over the next 7 
to 10 years (figure 2.2). Once overt proteinuria develops, renal function 











    
 
 





Table 2.2: Stages and clinical features of diabetic nephropathy [53] 
Stage 1 • Glomerular hypertension and hyperfiltration 
• Normoalbuminuria: urinary ACR< 30 mg/g [54] 
• Raised GFR, normal serum CR 
Stage 2 • “Silent phase” (structural changes on biopsy but no clinical 
manifestations) 
• Normoalbuminuria 
Stage 3 • MAU: urinary ACR between 30 and 300 mg/g [54] 
• Normal serum CR 
• There may be increased blood pressure 
Stage 4 • Overt “dipstick positive” proteinuria (macroalbuminuria) : urinary 
ACR > 300 mg/g [54] 
• Hypertension 
• Serum CR may be normal 
• Increase in serum CR with progression of nephropathy 
Stage 5 • End stage renal failure 
• Requiring dialysis or transplant to maintain life 
        
 
2.3.3. Risk factors of diabetic nephropathy 
       Cross-sectional and longitudinal studies have identified some factors 
associated with a high risk of nephropathy: elevated blood pressure and 
glycosylated hemoglobin and cholesterol concentrations, smoking, advanced 
age, high level of insulin resistance, male sex (the risk is lower among women, 
at least before menopause), and possibly high dietary protein intake [55-58]. In 
clinical practice, the finding of a family history of cardiovascular events is a 
simple but powerful indicator of renal risk [55].  
 
2.3.3.1. Hypertension and diabetic nephropathy 
       Hypertension is common in diabetic patients, even when renal involvement 
is not present. About 40% of type-1 and 70% of type-2 diabetic patients with 
normoalbuminuria have blood pressure levels > 140/90 mmHg [59]. High blood 
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pressure may contribute to the onset and progression of micro- and 
macrovascular complications. Indeed, an estimated 35 to 75% of diabetic 
complications can be attributed to hypertension [60,61]. Treatment of 
hypertension dramatically reduces the risk of cardiovascular and microvascular 
events in patients with diabetes [50]. In the UKPDS, a reduction from 154 to 144 
mmHg on systolic blood pressure reduced the risk for the development of MAU 
by 29% [62]. Blood pressure targets for patients with diabetes are lower (130/80 
mmHg) than those for patients without diabetes [63]. In the HOT study, a 
reduction of diastolic blood pressure from 85 to 81 mmHg resulted in a 50% 
reduction in the risk of cardiovascular events in diabetic but not nondiabetic 
patients [64]. Isolated systolic hypertension has been attributed to the loss of 
elastic compliance of atherosclerotic large vessels. In general, the hypertension 
in patients with both types of diabetes is associated with an expanded plasma 
volume, increased peripheral vascular resistance, and low renin activity. Both 
systolic and diastolic hypertension markedly accelerates the progression of 
diabetic nephropathy, and aggressive antihypertensive management is able to 
greatly decrease the rate of fall of GFR.  A major aspect of initial treatment 
should consist of lifestyle modifications, such as weight loss, reduction of salt 
and alcohol intake, and exercise [65]. 
 
2.3.3.2. Smoking and diabetic nephropathy 
       The adverse effects of smoking on diabetic and nondiabetic renal disease 
are well established [66] but not widely appreciated. Patients with type-2 
diabetes who smoke have a greater risk of MAU than patients who do not 
smoke, and their rate of progression to end-stage renal disease is about twice 
as rapid [67]. At least among patients with type-1 diabetes, there is also 
convincing evidence that the loss of renal function is slower in those who 
stopped smoking [68]. 
 
2.3.4. Pathophysiology of diabetic nephropathy 
       Type-2 diabetes causes growth of the kidney and enlargement of the 
glomeruli, which then are susceptible to damage [69].  Three major histologic 
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changes occur in the glomeruli in DN (1) mesangial expansion is directly 
induced by  hyperglycemia, perhaps via increased matrix production or 
glycosylation of matrix proteins, (2) glomerular basement membrane thickening 
occurs, (3) glomerular sclerosis is caused by intraglomerular hypertension [70]. 
       Glucose can bind irreversibly to proteins in the kidney and circulation to 
form so-called advanced glycosylation end products (AGEs). AGEs can form 
complex crosslinks over years of hyperglycemia and can contribute to renal 
damage by stimulation of growth and fibrotic factors via receptors for AGEs [71]. 
AGEs also can stimulate protein synthesis [72], further decrease degradability 
of the basement membrane [70]; increase its permeability [73] and causes 
endothelial dysfunction [74]. 
       Hyperglycemia increases the expression of TGFß in the glomeruli [71]. 
TGFß appears to be crucial in the development of renal hypertrophy and 
accumulation of extracellular matrix [75]. Renal hypertrophy is an early event; 
irreversible changes such as glomerulosclerosis and tubulointerstitial fibrosis 
are preceded by hypertrophy [75]. Parallel to and to some extent concomitant 
with renal hypertrophy, hyperfiltration and intrarenal hypertension develop in 
type-1 [76] as well as in type-2 diabetes [77].  
       AngII contributes to the progression of DN [71]. High glucose stimulates the 
synthesis of angiotensinogen and AngII [76]. AngII preferentially constricts the 
efferent arteriole in the glomerulus, leading to higher glomerular capillary 
pressures. In addition to its hemodynamic effects, AngII also stimulates renal 
growth and fibrosis through AngII type-1 receptors, which secondarily 
upregulate TGF-ß and other growth factors [71]. 
 
2.3.5. Screening for diabetic nephropathy 
       Detection of DN as early in the disease process as possible currently offers 
the best chance of delaying or possibly preventing progression to end stage 
disease. Thus screening for MAU and proteinuria in a structured, regular 
manner is recommended [78].  
       Studies of the epidemiology of diseases of the kidney are limited by the 
sensitivity and specificity of the commonly used screening methods. 
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Examination for proteinunia is hampered by the high frequency of physiologic 
loss of protein in the urine of healthy active individuals and the excessive 
sensitivity of dip-strip tests. Pyuria, bacteruria, and hematuria do not necessarily 
indicate the presence of injury to the kidneys. They generally reflect the 
presence of inflammation, infection, or irritation in some portion of the urinary 
tract. A more ideal screening test would be one that indicated the presence of 
injury to renal tubular cells well before any deterioration in renal function had 
occurred. For these reasons, attempts have been made to exploit the 
observation that a wide variety of enzymes are normally excreted into the urine, 
and that enzymuria is increased in various disease states including DN [79]. 
       Most guidelines suggest annual screening, ideally using an early morning 
urine sample to avoid the variable effects of upright posture on albumin [11] and 
other markers excretion. 
 
2.3.5.1. Microalbuminuria (MAU) 
       One of the earliest markers of DN is the presence of small amount of the 
protein albumin in the urine. This is called MAU (urinary albumin excretion of 
30-300 mg/24 hours) [80]. MAU is defined as when urinary albumin excretion 
increases but remains undetectable by conventional laboratory methods, such 
as routine urine testing strips [16]. MAU may progress over a span of a number 
of years to overt nephropathy characterized by the presence of larger amounts 
of the protein albumin leaking through the kidneys’ filter mechanism into the 
urine. This is called macroalbuminuria (urinary albumin > 300 mg/24 hours). 
The presence of macroalbuminuria indicates more serious kidney disease [80].  
       Studies have shown that presence of MAU is reversible with interventions 
to tightly control blood sugar and blood pressure. MAU may sometimes resolve 
on its own. Specific medications including ACE inhibitors and ARBs have been 
shown to halt and reverse the presence of MAU and delay the progression to 
ESRD and the need for dialysis. In some cases a combination of both agents is 
indicated to protect the kidneys [80].  
       Screening for MAU is recommended in all post-pubertal type-1 with 
diabetes ≥ 5 years duration and all type-2 diabetics on an annual basis [80]. 
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Screening for MAU can be performed by three methods: measurement  of the 
albumin to creatinine ratio (ACR)  in early morning or random (untimed) spot 
urine collections, 24-h urine collection or timed urine collections (e.g. 4-h) [28], 
(table 2.3). 
 













































       The ACR is the preferred method as it does not require 24-h or timed 
collections, it correlates with the 24-hour urine values over a large range of 
proteinuria, it is cheap to perform, and repeat values can be easily obtained to 
be certain that MAU, if present, is persistent. A patient is considered to have DN 
if 2 of 3 measurements of ACR are elevated above 30 to 300 mg/g [80].  
       Many new markers for earlier and better determination of kidney function 
are undergoing experimental investigations [70]. Some of these markers are N-
Acetyl-ß-D-glucosaminidase (NAG), Gamma-glutamyl transpeptidase (GGT) 
and  Transferrin (TRF). 
 
2.3.5.2. N-Acetyl-ß-D-glucosaminidase (NAG)  
       N-Acetyl-ß-D-glucosaminidase (NAG; EC 3.2.1.30) is a high molecular 
weight lysosomal enzyme found in many tissues of the body [81]. This enzyme 
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is composed of two major isoenzymes: one with an acidic isoelectric point (A 
form) and one with a basic isoelectric point (B form) [82]. NAG isoenzyme A is 
composed of two different subunits alpha and beta, whereas NAG isoenzyme B; 
consists of two beta-subunits. These isoenzymes differ in isoelectric point, 
substrate specificity, and thermal stability [83]. 
        The lysosomal enzyme NAG, together with other lysosomal hydrolases, 
act to degrade glycoproteins and mucopolysaccharides, substances implicated 
in the development of microangiopathy in some diabetics. Thus, this enzyme 
protects blood vessels against excessive deposition of glycoproteins and 
mucopolysaccharides [84]. Although NAG is widely distributed in various 
organs, it is especially concentrated in the epithelial cells of the renal proximal 
tubules [85]. Because of its high molecular weight (130 000 to 140 000 D), NAG 
is not filtered through the glomerular membrane [86]. It has been suggested that 
assays of urinary NAG provide an early indicator of renal damage [87]. It has 
been reported that NAG activity in urine increased during the development of 
the early stages of DN, and is correlated with the increase of MAU and other 
parameters relevant to diabetes [88]. The assay can be done widely now 
because of the availability of simple-to-use commercial kits [89].  
 
2.3.5.3. Gamma glutamyl transpeptidase (GGT) 
       Gamma-glutamyl transpeptidase or gamma-glutamyl  transferase (GGT) 
(GGT; EC 2.3.2.2) is an important enzyme involved in glutathione metabolism 
[90]. Glutathione (GSH), the most abundant intracellular nonprotein thiol, 
participates in many important biological processes and plays an important role 
in the detoxification of various xenobiotic agents and oxidants. Although a few 
types of cells can directly take up intact GSH from the surrounding extracellular 
fluid, most cells depend on de novo synthesis for maintaining their intracellular 
GSH [91]. GSH ( -glutamylcysteinylglycine) and its conjugates are degraded 
extracellularly in a two-step process [92].The membrane-bound enzyme GGT 
catalyzes the first step in the extracellular breakdown of GSH into its constituent 
amino acids, which can then be transported into the cell and used to maintain 
the level of intracellular GSH [93]. The human kidney GGT enzyme is 
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composed of one large subunit and one small subunit of molecular weights 
62,000 and 22,000 D, respectively [94]. High enzyme activity has been 
observed in cells that exhibit intense secretory and absorption functions, such 
as epithelial cells of the proximal tubular cells. In the kidney, the primary site of 
GGT activity is the outer surface of the microvillus membrane (brush border) in 
the proximal tubule [95].  
 
2.3.5.4. Transferrin (TRF) 
       Plasma TRF is a 76,500 D [19] glycoprotein with 2 N-linked carbohydrate 
chains. The protein has a half-life of 8 to 12 day and has the capacity to bind 
two ferric atoms. In healthy adults, plasma TRF concentrations range between 2 
and 4 g/L and are not strongly influenced by age and gender [96]. 
TRF is a negative charge protein and is the most important glycoprotein for 
transport of iron between sites of absorption, storage, and use in the human 
body. TRF is synthesized mainly in the liver [97, 98], although small amounts of 
TRF are also synthesized in testis, spleen, kidney [99], and brain [96]. Human 
serum transferrin (hTRF) which is synthesized in the liver and secreted into the 
plasma; acquires Fe (III) from the gut and delivers it to iron requiring cells by 
binding to specific transferrin receptors (TRFR) on their surface. The entire 
hTRF-TRFR complex is taken up by receptor-mediated endocytosis culminating 
in iron release within the endosome [100].  
Proteinuria is one of the hallmarks of the nephrotic syndrome. Although albumin 
is the most commonly measured urinary protein, other proteins, including TRF, 
are also lost into the urine [96]. Transferrinuria is thought to be a marker for 
early stages of diabetic nephropathy [101].  
 
2.4 Previous studies 
       Morita et al studied urinary enzyme activities of NAG and GGT to determine 
their clinical significance in DN. Activities of NAG isozymes were higher than in 
normal controls. The results of this study suggest that NAG reflects lysosomal 
dysfunction of both glomerular and proximal tubular epithelial cells, which may 
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be caused by poor glycemic control, and that GGT reflect brush border damage 
of proximal tubules, which may be caused by DN [102]. 
 
       Dedov et al studied the activity of the specific enzymes in urine: NAG, beta-
G1, GGT, AP and LDH in patients with DM without (26 patients) and with (15 
patients) proteinuria. Concomitant elevation of the excretion of several enzymes 
(NAG, beta-Gl, GGT and AP) was observed in 50% of cases. Patients with DN 
demonstrated an increase of the excretion of all enzymes under study. Puncture 
biopsy of the kidney was made in 4 patients without proteinuria with insignificant 
duration of DM and concomitant elevation of the excretion of a number of 
enzymes. Light and electron microscopy revealed minimal changes in the 
glomeruli. The morphological changes in renal tissue confirm the diagnostic 
importance of high concomitant excretion of enzymes (NAG, beta-Gl, AP) as a 
markers of the preclinical stage of DN [103]. 
 
       Piwowar et al studied urinary and plasma NAG activity in 130 type-2 
diabetic patients with varying stages of albuminuria and 42 control subjects 
were determined. Early morning urine samples were used. In the patients, 
higher values of plasma NAG were found. In urine, NAG activity increased 
progressively from normoalbuminuria, through MAU to macroalbuminuria group. 
The normo- albuminuria group had NAG enzyme activity higher than control 
subjects. These data indicate that determination of urinary NAG activity might 
be useful as a non-invasive surrogate test of incipient DN and in monitoring 
disease progression [54]. 
 
       Minakami  studied renal tubular enzymes such as NAG and GGT, albumin, 
total protein and BMG in urine and/or serum in various stages of DN. As a 
predictor of DN, urinary NAG was the most useful indicator among them. 
Urinary GGT had no clinical benefit on early detection of DN although in cis-
platin induced nephrotoxicity both urinary GGT and NAG increased in parallel. 
Increase of urinary NAG appeared in diabetic patients prior to clinical 
proteinuria. With appearance of proteinuria, urinary NAG more increased. 
These results indicate that renal tubular damage may already exist in early-
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stage of DN, and that increase of urinary NAG activity is a useful predictor of 
DN [104]. 
 
       Ishii et al studied the activity of renal proximal tubule derived enzymes 
excreted in 24-hour urine in diabetic patients. These patients recorded in 5 
groups: (i) 48 type-2 diabetic patients with normal renal function and a urinary 
albumin excretion rate within the normal range; (ii) 45 type-2 diabetic patients 
with normal renal function and a high urinary albumin level; (iii) 26 type-2 
diabetic patients with renal failure; (iv) 40 patients with essential hypertension 
and normal renal function, and (v) 48 normal control subjects. Regardless of 
whether cases were type-2 diabetics with normal or high urinary albumin 
excretion rate or cases with renal dysfunction, urinary DAP and NAG excretions 
were significantly higher than in healthy subjects, and urinary GGT excretion 
was significantly lower than in healthy subjects. No significant changes in 
urinary enzyme excretions showed specific variations in the essential 
hypertensive patients. These results suggest that there is tubular damage in the 
early stages of type-2 diabetic patients with normal renal function and normal 
urinary albumin excretion rate. Detection of urinary excretion of DAP, NAG and 
GGT may be especially useful for the early diagnosis of DN [105]. 
 
       Basturk et al studied 50 patients including 29 females with type-2 DM 
(Group 1). Diabetic patients were classified into three subgroups on the basis of 
their duration of diabetes: Group 1A (n = 15) ≤ 3 years, Group 1B (n = 19) 3 to 5 
years, and Group 1C (n = 16) > 5 years. The inclusion criteria were no prior use 
of antihypertensive agents; blood pressure < 130/85 mmHg; urinary albumin 
excretion < 30 mg/day; and absence of renal failure and diabetic or 
hypertensive retinopathy. A total of 30 healthy individuals including16 female 
(Group 2) were assessed as the control group. Systolic and diastolic blood 
pressures, HbA1c, BMI, 24-h MAU and NAG measurements in urine samples 
were performed. Statistically significant differences were observed between the 
groups 1 and 2 with respect to the levels of NAG (p < 0.05) and  NAG levels 
were lowest in Group 1A and highest in Group 1C. In conclusion: Urinary NAG 
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excretion is elevated in type-2 diabetic patients as compared with the healthy 
individuals [24]. 
 
       Mocan et al studied whether urinary NAG could be used as predictors of 
DN or not, 59 type-2 diabetic patients were included in this study (31 females, 
29 males; mean age 54 ± 10.1). The control group consisted of 20 healthy non-
diabetic subjects (12 males and 8 females; mean age 47 ± 13.9). The patients 
in the study group were classified according to the duration of diabetes. In all 
cases, urinary NAG enzyme activities were determined by colorimetric methods. 
The mean urinary NAG level in study group was higher than that of the control 
group (p < 0.01). The mean NAG activity in patients with early glomerular 
hyperfiltration was significantly higher than those without early hyperfiltration 
and control group (p < 0.05). As a result, urinary NAG enzyme activity 
significantly increases in patients with type-2 DM. It was concluded that 
measurement of urinary NAG enzyme activity may be a good indicator in early 
diagnosis of DN [106]. 
 
       Hirai et al studied whether urinary ACR (Albumin index) and urinary NAG to 
CR ratio (NAG index) in random spot urine samples can be used to predict the 
early stage of DN in the elderly type-2 diabetic patients. He measured these 
concentrations in 150 non-diabetics, 61 diabetics without retinopathy and 56 
diabetics with retinopathy. Subjects divided into two groups < 60 years (adult 
group) and ≥ 60 years old (old group). Diabetic patients with retinopathy 
showed the highest mean Albumin index, followed by diabetic patients without 
retinopathy and then non-diabetic patients both in adult group and in old group 
(p < 0.001, p < 0.001, respectively). Diabetic patients with retinopathy showed 
the highest mean NAG index, followed by diabetic patients without retinopathy 
and then non-diabetic patients both in adult group and in old group (p < 0.001, p 
< 0.001, respectively). Albumin index positively correlated with systolic blood 
pressure, duration of diabetes and HbA1c (r = 0.18, r = 0.35, r = 0.18, 
respectively). NAG index positively correlated with age, duration of diabetes and 
HbA1c (r = 0.18, r = 0.25, r = 0.29, respectively). These results suggest that 
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both NAG index and Albumin index in random spot urine samples may serve as 
early functional indicators of DN in elderly diabetics [107]. 
       Cohen et al studied urinary and serum activities of LAP, NAG and GGT in 
four groups: 1) control subjects with normal oral glucose tolerance test and 
normal renal function; 2) latent diabetics with elevated oral glucose tolerance 
test and diabetic parents; 3) overt diabetics; 4) diabetics with slight 
nephropathy, exemplified by elevated serum CR levels and decreased CR 
clearance. No clear differences were found in the urinary GGT and serum 
enzyme activities. Urinary LAP activity was significantly increased in Groups 2, 
3 and 4, and urinary NAG activity in Groups 3 and 4. However, since the rise in 
urinary LAP activity was less consistent than that in NAG, it seems that the 
appearance of the latter enzyme in urine most likely results from tubular 
damage and may serve as a sensitive indicator of early diabetic kidney disease 
[108]. 
       Vlatković et al studied renal function and selective enzymuria in 37 patients 
with type-2 DM, and 14 healthy examinees as the controls. The patients were 
divided in three groups according to the degree of proteinuria. The first group 
consisted of the patients with diabetes without MAU; the second one consisted 
of the patients with MAU of > 30 mg/24 h, while the third one included the 
patients with proteinuria of > 300 mg/24 h. In the patients with type-2 DM and 
the preserved global renal function, fractional excretion of sodium, potassium 
and phosphates, as well as renal threshold of phosphates concentration, were 
not sensitive parameters for discovering the damage of the renal tubule 
function. NAG proved to be the most sensitive parameter for early discovering 
of tubule cells damages. The difference among the examined groups was 
statistically significant. while GGT was a less sensitive indicator of this damage 
[109]. 
       Ikenaga et al measured the 24 h urinary excretion of five enzymes:NAG, 
GGT, DAP, AAP and AP. Study was performed on 118 type-2 diabetic patients, 
59 non-diabetic patients with chronic renal disease and 47 normal control 
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subjects. Regardless of a diabetic or non-diabetic cause of renal dysfunction, all 
of the five enzymes showed abnormal urinary excretion in patients with renal 
insufficiency (serum CR concentration > 2.0 mg/dl). In diabetic patients, 
however, an increase in NAG excretion and a decrease in GGT excretion were 
noted even in those who had no signs of renal dysfunction, including MAU. 
Moreover, the excretion of these two enzymes had a higher degree of 
correlation with glycaemic control and renal function than did that of the other 
three enzymes. Multiple regression analysis revealed that excretion of NAG is 
best correlated with urinary protein (r2 = 0.35), whereas excretion of GGT is 
closely associated with GFR (r2 = 0.33) [110].  
       Perdichizzi et al studied the relationship between renal function and urinary 
NAG levels in DM. Thirty type-2 diabetic patients without evidence of kidney 
disease and 18 control subjects were studied. In each subject 24-h urinary 
excretion rates of NAG and albumin, together with CR clearance were 
performed. In diabetic patients urinary levels of NAG and albumin were 
significantly higher than in the controls (p < 0.0001). Moreover in diabetic 
patients NAG and albumin levels were positively and significantly correlated (r = 
0.63, p < 0.001). These results suggest that urinary NAG excretion rate may be 
altered early in diabetic patients with apparently normal renal function; its 
diagnostic value seems to be similar to that of the AER [111].  
       Jung et al studied the excretion rates of six urinary enzymes that either 
originate from the proximal renal tubule, like AAP, AP, GGT, and NAG, or that 
are typical low-molecular-mass proteins, like lysozyme and pancreatic 
ribonuclease. These rates were compared with those of total protein and 
albumin in urine of 36 type-1 men and 30 healthy men. Seventeen of the 
diabetics had clinical proteinuria (group B). Group A comprised the 19 diabetics 
without proteinuria. Except for GGT, the excretions of enzymes and proteins 
were significantly higher in diabetics than in controls and were greater in group 
B than in group A. NAG was the analyte most often increased in group A (89%), 
followed by albumin and AP (each 32%). All patients in group B showed 
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increased excretion of NAG. They concluded from the comparative data that 
this enzyme may be useful as an early predictor of DN [112]. 
       Perusicová et al studied three laboratory indicators of impaired renal 
function (MAU, NAG and BMG) in sixty diabetics of type-1. Pathological levels 
of NAG and BMG were mostly seen in those patients who also had pathological 
MAU results. In only four cases was increased NAG or BMG values as the first 
and only pathological parameter indicative of possible renal involvement due to 
DN [113]. 
       Maisant et al  studied NAG in the urine (Colorimetric method) of 206 
children suffering from DM to find out whether DN can be detected as soon as 
possible. A high excretion of NAG was found in children and adolescents with a 
poor metabolic control (elevated HbA1c). There was no correlation between 
NAG activity, duration of the diabetes and the age of the children. The 
increasing levels of urinary NAG may represent the increasing severity of 
nephrotic damage by diabetes. The estimation of NAG levels in urine would 
seem to be reliable in the early detection of DN also and may serve as an index 
of diabetic control independent of blood sugar levels [114]. 
       Whiting et al  studied NAG levels in serum and urine from diabetics over a 
three-year period to assess their potential as indicators of the onset of 
nephropathy. The presence of nephropathy was confirmed by proteinuria. Three 
groups of diabetics were investigated; those on insulin, on oral hypoglycaemics, 
or on diet only. However, urine total NAG activity demonstrated a striking 
difference between diabetics of all groups and normal subjects [115]. 
       Salem et al studied urinary excretion of NAG and RBP in 59 type-1 diabetic 
patients (mean age 15 ± 3.2 yr). Of the 59 patients, 11 were microalbuminuric 
while 48 had normal urinary AER. Patients were compared with 40 matched 
healthy subjects. Diabetic patients with MAU (n=11) had concomitant renal 
tubular disorder indicated by high urinary NAG in all (100%) and RBP in 10 
(90.9%) of them. Meanwhile, patients without MAU (n=48) had both tubular 
markers excreted in urine in significantly higher amounts than controls 
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(p<0.001). Among those patients, 29 (61%) had raised urinary NAG activity, 
and 39 (82%) had increased loss of RBP in urine. A significant correlation was 
found between urinary NAG and RBP in normoalbuminuric patients (r=0.66, 
p<0.001), as well as between each of the two tubular markers and HbA1c 
(r=0.83, p<0.001). At 30 and 36 months of follow-up, two out of 48 (4.2%) 
diabetic patients developed persistent MAU. Both had elevated baseline 
HbA1C, and urinary NAG. In conclusion, proximal tubular dysfunction may 
occur independent of glomerular alteration. Whether tubular markers precede 
the development of MAU needs further study [116]. 
       Abdel Shakour et al studied urinary NAG levels in children with type-1 
diabetes as an early marker of tubular damage and studied its correlation with 
MAU and glycaemic control. The study group comprised 42 children with type-1 
diabetes and 20 healthy children as control. Urinary NAG to urinary CR ratio, 
MAU, HbA1c, blood urea and serum CR were estimated. Urinary NAG levels in 
the children with diabetes were significantly higher than those of controls. There 
were positive correlations between urinary NAG levels and MAU, HbA1C and 
systolic and diastolic blood pressure values. They found that 59.5% of diabetic 
children were positive for urinary NAG, while 38.1% of them were positive for 
MAU [117]. 
       Golov et al studied The activity of GGT, AP, LDH and NAG in 50 patients 
with type-1 DM. Enhanced activity of the enzymes occurred not only in 
nephropathy patients but also in those without proteinuria. LDH and NAG were 
more active in DM. NAG activity rose 3-4-fold compared to control. A direct 
correlation was found between enzymuria and uremia, glycemia (in 
hyperglycemia only) and cholesterolemia. The above changes in enzymes 
activities are attributed to impairment of tubules of the kidney induced by DM. 
Diagnostic significance of enzymuria as a marker of early tubular involvement is 
confirmed by investigations of renal biopsies [118]. 
       Zhou et al  studied the relationship between the urinary TRF and early 
glomerular damage in DM. Sixty one patients with type-2 DM and 40 control 
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subjects were measured for urinary TRF with rate immunonephlometry assay. 
The urinary TRF concentrations were found to be greatly elevated in patients 
with diabetes compared with those in the control subjects (P<0.001). The 
increase of TRF was closely related to age and duration of DM, blood glucose, 
hypertension, retinopathy, and it was initial parameter to predict DN. There was 
a significant correlation among urinary TRF concentration, MAU, and NAG. The 
urinary excretion of TRF was more elevated than that of MAU. It is suggested 
that excretion of TRF in urine is a more sensitive index of the glomerular 
dysfunction in DM [119]. 
       O'Donnell et al studied Urinary excretion of TRF and albumin in 47 adult 
patients with type-1 diabetes and 28 control subjects. Median (range) urinary 
TRF excretion rate was significantly elevated in the diabetic group compared 
with the control group (p<0.001). Urinary TRF/CR ratios  were different in 
diabetic and control groups (p<0.001). There were correlations between urinary 
TER and AER in diabetic (r = 0.78, p<0.001) and control groups (r=0.81, p< 
0.05). Forty (85%) diabetic patients had elevated TER, 18 (38.3%) had elevated 
AER. All diabetic patients with elevated AER had elevated TER. Twenty-one 
(77.8%) of the patients with normal AER had elevated TER. Urinary excretion of 
NAG was greater in diabetic patients than control subjects (p<0.001). There 
were correlations between TRF and NAG excretion (r=0.67, p<0.01) and 
albumin and NAG excretion (r=0.63, p<0.01) in the diabetic group. Elevated 
urinary TER may be a marker for renal dysfunction in DM [120]. 
       Kanauchi et al studied the diagnostic utility of urinary TRF in patients with 
DN by comparing the diagnostic findings with those of clinical stage. According 
to the urinary AER, a total of 60 patients with type-2 DM were separated into 
normoalbuminuria, microalbuminuria, and overt proteinuria. Thirty-eight non-
diabetic volunteers were used as controls. Using 24-hour urine specimens, TRF 
was measured by latex-immuno-turbidimetry. Urinary concentrations of albumin, 
AMG, BMG and NAG were also evaluated. Urinary TRF was significantly 
increased in the diabetic patients relative to the non-diabetic controls. The 
incidence of microtransferrinuria (approximately 4,400 mg/day) was 33.3% in 
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normoalbuminuria, 63.2% in microalbuminuria, and 18.2% in overt proteinuria. 
The incidence of overt transferrinuria (> 4,400 mg/day) was 0%, 36.8% and 
81.8%, respectively. There was a significant correlation between the urinary 
excretion of TRF and that of albumin, AMG or NAG. The findings indicate that 
urinary TRF may be useful in detecting DN at an early stage [121]. 
       Cheung et al studied concentrations of TRF and CR in samples of untimed 
urine from 53 control subjects and 157 type-2 diabetic subjects. The urinary 
TRF/CR ratio was significantly higher in the diabetic group (P<0.001). If diabetic 
subjects are grouped according to their ACR into normal albuminuria (Group A), 
microalbuminuria (Group B), and macroalbuminuria (Group C), the TRF/CR 
ratios in all three groups exceeded those for controls. Moreover, this ratio was 
higher in Group B than in Group A and higher in Group C than in Group B. The 
value for TRF/CR was clearly abnormal in 61%, 95%, and 100% of Group A, B, 
and C subjects, respectively. The TRF/CR ratio was significantly higher in those 
type-2 subjects with clinical retinopathy, and it correlated with arterial pressure. 
Evidently, TRF/CR ratio may be increased early in type-2 subjects, and it may 
be a sensitive marker for detecting development of complications of diabetes 
[23]. 
       Martin et al studied Urinary TRF in 74 children with type-1 DM and in 40 
normal children, and compared with urinary excretion of albumin, AMG, and 
NAG. Urinary TRF excretion was significantly elevated in diabetic compared 
with normal children (p< 0.001). Seventeen diabetic children had TRF excretion 
above the 95th centile for normal children. In contrast there was no significant 
increase in urinary albumin excretion in the diabetic children although 8 had 
urinary albumin excretion which exceeded the 95th centile for normal children (6 
of these 8 patients having coexistent urinary hyperexcretion of TRF). Urinary 
TRF excretion correlated significantly with urinary albumin excretion in both 
normal (rs=0.62, p<0.001) and diabetic (rs =0.61, p<0.001) children. The 
indices of proximal renal tubular function (urinary excretion of AMG and NAG) 
correlated significantly with TRF excretion in diabetic children (rs =0.43 and rs 
=0.41;respectivly, p<0.001), but not with albumin excretion. In addition urinary 
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TRF excretion significantly correlated with urinary glucose concentration (rs = 
0.34, p< 0.007) in type-1 diabetic children. The discrepancy in urinary excretion 
of TRF and albumin may reflect impaired proximal renal tubular reabsorption of 
TRF and/or altered glomerular basement membrane selectivity for the two 
proteins [122]. 
       McCormick et al studied albumin, TRF and total protein excretion in the 
urine of 110 diabetics. Of these patients 18.2% had an elevated total urinary 
protein above the reference range. Of the remaining patients (normoproteinuria) 
, 25.5% have elevated TRF while 18.8% have elevated albumin. The correlation 
coefficient between TRF and albumin in urine when total urinary protein is 
normal was 0.77. These data demonstrate the usefulness of micro-
transferrinuria, a potentially more sensitive indicator than MAU for DN [123]. 
       Kazumi  et al studied whether increased urinary TER would predict the 
development of MAU in patients with type-2 diabetes and normal urinary AER. 
In 77 diabetic patients, AER and TER were measured at baseline and after 24 
months of follow-up. Of the 16 patients who initially had increased TER, 5 (31%) 
developed MAU. In contrast, of the 61 who initially had normal TER, 4 (7%) 
developed MAU. In multivariate stepwise logistic regression analysis, the 
association between increased TER at baseline and subsequent development 
of MAU was significant. It was concluded in patients with type-2 diabetes and 

















































3.1. Study design and selection of subjects 
       This study was a cross sectional study conducted from the beginning of 
January to the end of December 2007. 
       The case group consisted of 100 subjects with type-2 DM from Al- Remal 
diabetic clinic in Al Remal health center. Their age ranged from 40-60 years and 
some of them have hypertension. The subjects did not suffer urinary tract 
infection, liver or renal diseases.  
        The control group consisted of 80 non diabetic subjects with the same age 
as case subjects who healthy persons. They did not suffer urinary tract 
infection, liver or renal diseases, hypertension, or abnormalities in carbohydrate 
metabolism.  
 
3.2. Ethical considerations  
       According to research ethics, permission was taken from the Helsinki 
Committee for sample collection and consent was obtained orally from each 
patient and healthy persons for collecting early morning urine sample. 
 
3.3 Questionnaire 
       All patients were questioned about sex, age, BMI (defined as weight (kg) 
divided by the squared height (m2)), hypertension (systolic blood pressure and 
diastolic blood pressure), diabetes duration, life style and complication of 
diabetes. All controls were questioned about sex, age, BMI and hypertension 




Four reagent kits were used in this study: 
1- Colorimetric assay kit for NAG enzyme. 
2- Colorimetric assay kit for GGT enzyme. 
3- Turbidimetric Immunoassay kit for TRF. 
4- CR kit. 
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3.4.2. Instruments for reading  
Stat Fax® 3300 Chemistry Analyzer 
 
3.5. Urine samples 
       First morning samples were collected from each participant , cases or 
control group. Each urine sample was centrifuged immediately at 3000 rpm 
(round per minutes) for 10 minutes. Each sample supernatant was distributed 
equally into 2 tubes and then stored at -70°C until the time of chemical assay.  
 
3.6. Assessment of NAG, GGT, TRF and CR 
       Before test performance a pilot study was made by taking five random 
samples from diabetic patients and examined together with five random 
samples from healthy subjects to optimize the technique.  
 
3.6.1. Determination of N-Acetyl-ß-D-glucosaminidase enzyme 
3.6.1.1. Principle of the assay (Diazyme Company) 
       The Diazyme NAG assay kit is a colorimetric assay for determination of 
NAG in urine samples. The reagents of the assay kit are in stable liquid 
formulation that allows easy use coupled with enhanced performance 
characteristics. The enzyme hydrolyses the substrate 2-methoxy-4-
(2’nitrovinyl)-phenyl2-acetamido-2-deoxy-β-dglucopyranosid (MNP-GlcNAc) to 
2-methoxy-4-(2’-nitrovinyl)-phenol product. The product formation is detected by 
development of orange color which can be measured at 505 nm upon addition 
of alkaline buffer [125,126].  
2-methoxy-4-(2’nitrovinyl)-phenyl2-acetamido-2-deoxy-β-dglucopyranosid                     
NAG     2-methoxy-4-(2’-nitrovinyl)-phenol  
 
3.6.1.2. Content of the kit 
1. Reagent 1(R1): 75 mL; Reagent 2 (R2): 15 mL; Reagent 3(R3): 30 mL  
2. Calibrator (powder): one vial labeled with activity 50 U/L.  
3. Control (powder): low control labeled with activity 44.7±6.7 U/L and high 
control labeled with activity 115±20 U/L. 
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3.6.1.3. Assay procedure 
       All reagents, calibrator, controls and samples were brought to room 
temperature before starting the test run. 
 
3.6.1.3.1. Preparation of calibrator and controls 
       Each vial of calibrator and controls was dissolved by 2 ml distilled water 
which were then distributed into several tubes and then stored at -20 °C in order 
to be ready for subsequent analysis.  
As the concentration of calibrator (50 U/L) was very high the following dilutions 
were prepared; 
1. Five U/L: by addition of 2.5 μL from original calibrator to 22.5 μL of saline.  
2. Ten U/L: by addition of 5 μL from original calibrator to 20 μL of saline.     
 
3.6.1.3.2. Test preparation and procedure    
1. Reagents were used as blank. 
2. Reagent 1 and Reagent 2 were mixed in a volume ratio of 5:1 to make the 
R1 + R2 solution mix; 250 μL from R1 and 50 μL from R2 were added into 
glass tube. 
3. Twenty five μL of urine sample or calibrator were added to R1+R2 solution 
and mixed. 
4. The tube was incubated at 37°C for 5 minutes. 
5. The absorbance of sample measured after 75 μL of R3 was added to 
reaction for color development. 
 
3.6.1.3.3 Calculation of results 
1. The activity of the enzyme was calculated according to the following 
formula: 
               NAG (U/L) = Abs of Sample X Calibrator value 
                                    Abs of Calibrator 
     The high Abs of samples was calculated by recording the Abs of 10 U/L 
calibrator and low Abs of samples was calculated by recording the Abs of 5 U/L 
calibrator.  
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2. NAG/CR ratio (U/mg) was calculated by dividing the activity of enzyme on 
concentration of CR for each sample.  
3. Normal range was determined by calculating the mean of NAG/CR ratio in 
control subjects then the lower limit of normal range was calculated by 
dividing this mean on 2 and the upper limit was calculated by multiplication 
of this mean by 2.  
• Normal range= (2-10) U/ mg. 
• Mean of NAG/CR ratio in control subjects =390.21/80 = 4.9 U/L. 
• Lower limit of normal range = 4.9/2 =~ 2 U/L. 
• Upper limit of normal range = 4.9 X 2 =~ 10 U/L. 
 
3.6.2 Determination of gamma-glutamyl  transferase (GGT) 
3.6.2.1 Principle of the assay (Dialab Company) 
       The Dialab GGT assay kit is a colorimetric assay for determination of GGT 
in human. The enzyme GGT catalyses the transfer of glutamyl residue from L-γ 
glutamyl-carboxy-3-nitro-4-anilide to the glycylglycine acceptor to yield L-γ 
glutamylglycylglycine and amino-5-nitro-2-benzoate which has maximum 
absorbance at 405nm. The increase in absorbance at this wavelength is directly 
proportional to the activity of GGT [127,128]. 
L-γglutamyl-carboxy-3-nitro-4-anilide + glycylglycine     GGT                 
L-γ glutamylglycylglycine + amino-5-nitro-2-benzoate 
 
3.6.2.2 Content of the kit 
The kit contains two-reagents as a liquid, ready-to-use liquid:   
1. Reagent one (R1) is Glycylglycine distributed into 4 vials each vial contains 
50 ml.  
2. Reagent two (R2) is L-gamma-glutamyl-3-carboxy-4-nitroanilide was 
provided as one vial which contains 50 ml.  





3.6.2.3 Assay procedure  
       All reagents, control and samples were brought to room temperature 
before starting the test run.  
 
3.6.2.3.1 Test preparation and procedure 
1. Reagent blank. 
2. Four hundred μL of R1 and 100 μL of R2 were added into the test tube 
(working reagent). 
3. Twenty five μL of urine sample or control were added into working reagent 
and mixed. 
4. Initial Abs against reagent blank was recorded after 1 minute. 
5. To determine the Abs/min, the Ab after exactly 1, 2, 3 minutes was recorded 
during the linear phase of the assay.  
 
 Calculation of results 
1. The activity of the enzyme was calculated according to the following 
formula: 
GGT (U/L) = Abs/min X Factor 
          For Sample start method, the factor = 2210. 
2. GGT/CR ratio (U/mg) calculated by dividing the activity of the enzyme on 
concentration of CR for each sample. 
3. Normal range was calculated using the mean of GGT/CR ratio in control 
subjects, then the lower limit of normal range was calculated by dividing this 
mean on 2 and the upper limit was calculated by multiplication this mean by 
2. 
• Normal range = (19-75) U/mg. 
• Mean of GGT /CR ratio in control subjects =3019.2/80=37.7 U/L.  
• Lower limit of normal range=37.7/2=19 U/L. 





3.6.3 Determination of Transferrin (TRF) 
3.6.3.1 Principle of the assay (Biosystems Company) 
       The Biosystems TRF assay kit is a turbidimetric immunoassay for 
determination of TRF. TRF in the sample precipitates in the presence of anti-
human transferrin antibodies. The light scattering of the antigen-antibody 
complexes is proportional to the TRF concentration and can be measured at 
540 ± 20 nm by turbidimetry [129-133]. 
 
3.6.3.2 Content of the kit 
1. Reagent (50 ml): Imidazole buffer 0.1 mol/L, goat anti-human transferrin 
antibodies and sodium azide 0.95 g/L, pH 7.5. Reagent is ready to use. 
2. Protein calibrator: one vial labeled with concentration of 88 mg/dl. The 
calibrator is ready to use.  
 
3.6.3.3 Assay procedure  
       All reagents, calibrator and samples were brought to room temperature 
before starting the test run.  
 
3.6.3.3.1 Dilution of calibrator 
       The concentration of calibrator (88 mg/dl) was very high therefore a 
concentration of 4.4 mg/dl was prepared from 88 mg/dl calibrator by the addition 
of 50 μL from original calibrator to 950 μL of saline.  
 
3.6.3.3.2 Test preparation and procedure 
1. Reagent blank.  
2. Into glass tube, 400 μL of reagent were added. 
3. Five μL of the sample or calibrator were added to reagent and incubated at 
37ºC for 5 minutes. 





3.6.3.3.3 Calculation of results 
1. The concentration of TRF was calculated using the following formula: 
TRF (mg/dl) = Abs of Sample X Calibrator value 
                                       Abs of Calibrator 
2. TRF/CR ratio calculated by dividing the concentration of protein on 
concentration of CR for each subjects. 
3. Normal range was determined by calculating the mean of TRF/CR ratio in 
control subjects, the lower limit of normal range calculated by dividing this 
mean on 2 and the upper limit was calculated by multiplication this mean by 
2.  
• Normal range= (4-17). 
• Mean of TRF/CR ratio in control subjects =664.8.   
• Lower limit of normal range = 8.31/2=4. 
• Upper limit of normal range =8.3 X 2=17. 
 
3.6.4 Determination of Creatinine (CR) 
3.6.4.1 Principle of the assay (Centronic GmbH Company) 
       The Centronic GmbH CR assay kit is a colorimetric assay for determination 
of CR in urine. In an alkaline solution, CR forms a color complex with picrate 
(Jaffe method without deproteinization) which absorbs light at 492/500 nm [134-
136]. 
 
3.6.4.2 Content of the kit 
1. Reagent A: is alkaline solution (NaOH + phosphate). 
2. Reagent B: Picric acid. 
3. Standard (2mg/dl). 
 
3.6.4.3 Assay procedure 
        All reagents, standard and samples were brought to room temperature 




3.6.4.3.1 Dilution of urine sample 
       Because the high concentration of CR in urine, all urine samples and 
standard were diluted to 1:50. To make this dilution, 6 μL of sample was added 
to 300 μL of saline.  
 
 3.6.4.3.2 Test preparation and procedure 
1. Reagent blank. 
2. Into a tube, 500 μL of reagent A and 500 μL of reagent B were added. 
3. One hundred fifty μL of diluted sample were added to reagent, the same 
was done for standard. 
4. Contents were Mixed and incubated for 1minute at 37ºC. 
5. The Abs of sample A(S1) and standard A(STD1) were recorded and Abs 
A(S2) and A(STD2) were recorded again after exactly 3 minutes at 37ºC.  
 
3.6.4.3.3 Calculation of results 
The concentration of CR in urine was calculated using the following formula: 
                 
                   CR (mg/dl) = 100 X A (S2) - A (S1) 
                                                   A (STD2) - A (STD1)  
3.7 Data analysis 
       Data were coded numerically and entered on SPSS and sorted according 
to patients and control groups, patients with and without hypertension groups 
and patients females and males groups. The means of three markers ratio was 
calculated for all groups, statistical significance was analyzed using Mann-
Whitney U test and independent-samples t test. The Kolmogorov-Smirnov Test 
was used for testing normality distribution of variables data. The correlations 
between three markers ratio and systolic, diastolic pressure, duration of 
diabetes, body mass index and age in patients group were calculated using 
Pearson correlation coefficient for numerically variables and chi square for 
nominal variables. The count and percentage of abnormal results of three 

































       The present study included 100 patients distributed into 36 (36%) males 
and 64 (64%) females and 80 control subjects distributed into 25 (31.3%) males 
and 55 (68.8%) females. 
 
 
       Table 4.1 shows some of personal and clinical characteristics of type-2 
diabetic patients and controls. The means of age, BMI, systolic pressure and 
diastolic pressure are higher for patients group than controls (p=0.000). The 
mean duration of diabetes approximately was eight years and the mean 




Table 4.1: Some of personal and clinical characteristics of patients 









Patient group Control group  
Mean Mini Max Mean Mini Max 
 
P value 
Age (years) 50.4    40 60 48.1 40 60 0.000 
BMI (kg/m2) 33.6  20.6 64.4 29.7  24 44.4 0.000 
Systolic pressure 
(mmHg) 
132.7 100 180 116.5  100 160 0.000 
Diastolic 
pressure (mmHg) 
84.1  60 110 74.9  45 90 0.000 
Duration of 
diabetes (years) 
8.3  .2 24 
Duration of 
pressure (years) 
2  0 17 
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       As shown in Table 4.2, 46% of the patients have hypertension, 89% 
checked glucose regularly, 80% of patients had families with diabetes, 37% of 
patients are practicing sport , 8% are smokers, 19% had diabetic coma, 6% 
have heart complications, 24% have diabetic retinopathy, 44% have diabetic 
neuropathy and 14% of the patients have other diseases than diabetes, 
including ulcer of the stomach, thyroid gland diseases, common cold. 
 
 













Hypertension 46 46% 
Regularly glucose checking 89 89% 
Family diabetes history 80 80% 
Sport practicing 37 37% 
Smoking 8 8% 
Diabetic coma 19 19% 
Heart complication 6 6% 
Diabetic retinopathy 24 24% 
Diabetic neuropathy  44 44% 




















       Figure 4.1 shows that the means of TRF, NAG and GGT in patients were 
10.4 mg/dl, 7 U/L and 46.6 U/L, respectively which were higher than controls 























Figure 4.1: Means of NAG, GGT and TRF in patient and control groups 
 
 
       Mann-Whitney U test is used to examine the mean differences because the 
assumption of normality is violated; since the p-value =0.003, 0.000 and 0.000 
for NAG, GGT and TRF, respectively which is smaller than the level of 




Table 4.3: Tests of normality for NAG, GGT and TRF 
Kolmogorov-Smirnov(a) 
GROUPS   Statistic df P value
NAG U/L 0.112 100 0.003
GGT U/L 0.129 100 0.000
Patient group 
TRF mg/dl 0.156 100 0.000
NAG U/L 0.104 80 0.033
GGT U/L 0.164 80 0.000
Control group 
TRF mg/dl 0.182 80 0.000
 
 
       The results of the Mann-Whitney U test showed significant difference 
between means of TRF (p=0.012), NAG (p=0.000) and GGT (p=0.000) in 
patient and control groups, Table 4.4. 
 
 
Table 4.4: Comparison of means for the NAG, GGT and TRF between 
patient and control groups 
  TRF NAG GGT 
Mann-Whitney U 
3,126.000 2,767.500 1,899.000 
P value 
0.012* 0.000** 0.000** 
**Mean difference is significant at the 0.01 significance level. 
* Mean difference is significant at the 0.05 significance level. 
 
        
       As shown in figure 4.2, the means of TRF/CR ratio, NAG/CR ratio and 
GGT/CR ratio in patients were 12.2 mg/dl, 8.0U/L and 53.0U/L, respectively 
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Figure 4.2: Means of three markers ratio in patient and control groups 
 
 
      Mann-Whitney U test is used to examine the mean differences because the 
assumption of normality is violated; since the p-value =0.002, 0.001 and 0.004 
for TRF/CR ratio, NAG/CR ratio and GGT/CR ratio respectively in patient group 
and p-value = 0.000 for three markers ratio in control which are smaller than the 
















Table 4.5: Tests of normality for TRF/CR ratio, NAG/CR ratio and GGT/CR 
ratio  
Kolmogorov-Smirnov(a) 
GROUPS   Statistic df P value
TRF /CR ratio  0.115 100 0.002
NAG /CR ratio(U/mg) 0.125 100 0.001
Patient group 
GGT /CR ratio(U/mg) 0.112 100 0.004
TRF /CR ratio  0.207 80 0.000
NAG /CR ratio(U/mg) 0.208 80 0.000
Control group 
GGT /CR ratio(U/mg) 0.175 80 0.000
 
       The result of the Mann-Whitney U test showed significant difference 
between means of TRF/CR ratio (p=0.000), NAG/CR ratio (p=0.000) and 
GGT/CR ratio (p=0.000) in patient and control groups, Table 4.6. 
 
 
Table 4.6: Comparison of means for the three markers ratio in patient and 
control groups 
 
 TRF /CR ratio NAG /CR ratio  GGT /CR ratio  
Mann-Whitney U 
2,766.500 2,570.000 2,150.000 
P value 
0.000** 0.000** 0.000** 
** Mean difference is significant at the 0.01 significance level. 
       
       When the patients distributed into two groups according to hypertension, 
the results showed that the means of TRF/CR ratio and NAG/CR ratio in 
patients with hypertension were 12.8 and 8.9 U/mg respectively which were 
higher than patients without hypertension (11.6 and 7.3 U/mg respectively) as 
shown in  figure 4.3. In contrast, the mean of GGT/CR ratio in patients with 
hypertension was 51.6 U/mg which was lower than mean of patients without 



















































Figure 4.3: Means of three markers ratio in patients with and without 
hypertension  
 
       Mann-Whitney U test was used to examine the mean differences for 
TRF/CR ratio and NAG/CR ratio in patients with and without hypertension 
because the assumption of normality is violated; since the p-value = 0.004 and 
0.025 for TRF/CR ratio and NAG/CR ratio respectively in patients without 
hypertension which are smaller than the level of significance ( 05.0=α ) as 
shown in table 4.7. In addition, the independent-samples t test was used to 
compare means for GGT/CR ratio in patients with and without hypertension 
because the assumption of normality is confirmed; since the p-value =0.065 and 
0.084 for GGT/CR ratio in patients with and without hypertension respectively 
(Table 4.7). 
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Table 4.7: Tests of normality for TRF/CR ratio, NAG/CR ratio and GGT/CR 
ratio in patients with and without hypertension 
Kolmogorov-Smirnov(a) 
Hypertension   Statistic df 
P 
value 
TRF /CR ratio  0.151 54 0.004
NAG /CR ratio (U/mg) 0.129 54 0.025
no 
GGT /CR ratio (U/mg) 0.113 54 0.084
TRF /CR ratio  0.128 46 0.057
NAG /CR ratio (U/mg) 0.126 46 0.063
yes 
GGT /CR ratio (U/mg) 0.126 46 0.065
 
 
       The results of the Mann-Whitney U test showed that there were no 
significant differences between means of NAG /CR ratio and TRF /CR ratio in 
patients with and without hypertension, p = 0.129 and 0.485 for NAG /CR ratio 
and TRF /CR ratio respectively, (Table 4.8).  
 
 
Table 4.8: Comparison of means for NAG/CR ratio and TRF/CR ratio in 
patients with and without hypertension  
 
 
       The result of the independent-samples t test showed that there was no 
significant differences between means of GGT /CR ratio in patients with and 
without hypertension, p = 0.566, (Table 4.9). 
 
 NAG /CR ratio TRF /CR ratio 
Mann-Whitney U 
1,082.000 1,178.000 
P value 0.129  .4850  
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Table 4.9: Comparison of means for GGT/CR ratio in patients with and 
without hypertension  
 
 
       The patients with hypertension had shown significant correlations between 
GGT/CR ratio and each of systolic and diastolic pressure (p=0.008 and 
p=0.024; respectively). There were no significant correlations between each of 
systolic and diastolic pressure with NAG/CR ratio or TRF/CR ratio, (P= 0.426, 
0.940 or 0.459, and 0.668, respectively). In addition, there were significant 
correlations between NAG/CR ratio and each of TRF/CR ratio and GGT/CR 
ratio (p=0.004 and 0.036, respectively), (table 4.10). 
 
 
Table 4.10: Correlation between three markers ratio, systolic and diastolic 















Correlation -0.112 -0.065 1 0.412(**) 0.176 
TRF/CR 
ratio  
P value 0.459 0.668  0.004 0.243 
Pearson 
Correlation -0.120 0.011 0.412(**) 1 0.310(*) 
NAG/CR 
ratio  
P value 0.426 0.940 0.004  0.036 
Pearson 
Correlation 0.384(**) 0.332(*) 0.176 0.310(*) 1 
GGT/CR 
ratio  
P value 0.008 0.024 0.243 0.036  
** Correlation is significant at the 0.01 significance level. 














GGT /CR ratio 
 0.576 98 0.566 2.63162 4.56617 
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       Table (4.11) shows the results for patients without hypertension. No 
significant correlation was found between systolic and diastolic pressure and 
NAG/CR ratio, TRF/CR ratio or GGT/CR ratio. In addition, there was significant 




Table 4.11: Correlation between three markers ratios, systolic and 















Correlation -0.010 -0.109 1 0.226 0.159 
TRF /CR 
ratio  
P value 0.942 0.432  0.101 0.252 
Pearson 
Correlation 0.126 0.104 0.226 1 0.390(**)
NAG /CR 
ratio  
P value 0.364 0.455 0.101  0.004 
Pearson 
Correlation 0.202 0.093 0.159 0.390(**) 1 
GGT /CR 
ratio  
P value 0.143 0.502 0.252 0.004  




       When the patients group distributed into two groups according to gender, 
results showed that the means of TRF/CR ratio and NAG/CR ratio for females 
were 12.4 and 9.2 U/mg respectively which were higher than males (11.7 and 
6.0 U/mg respectively) as shown in figure 4.4. In contrast, the mean of GGT/CR 





















































        




       Mann-Whitney U test is used to examine the mean differences for TRF/CR 
ratio because the assumption of normality is violated; since the p-value= 0.016 
for TRF/CR ratio in males of patient group which is smaller than the level of 
significance ( 05.0=α ) as shown in Table 4.12. In addition, the independent-
samples t test was used to compare means for NAG/CR ratio and GGT/CR ratio 
in males and females of patient group because the assumption of normality is 
confirmed; since the p-value =0.171, 0.056, and 0.186, 0.051 for NAG/CR ratio 




Table 4.12: Tests of normality for TRF/CR ratio, NAG/CR ratio and GGT/CR 
ratio in males and females of patient group 
Kolmogorov-Smirnov(a) 
 Gender of patient Statistic df Sig. 
female 0.104 64 0.080TRF /CR ratio  
male 0.164 36 0.016
female 0.101 64 0.171NAG /CR ratio  
male 0.144 36 0.056
female 0.100 64 0.186GGT /CR ratio  
male 0.146 36 0.051
 
 
       The result of the Mann-Whitney U test showed no significant differences 
between means of TRF/CR ratio in males and females (p = 0.598), Table 4.13. 
 
 
  Table 4.13: Comparison of means for the TRF/CR ratio in males and          
     females in the patient group 
 TRF /CR ratio 
Mann-Whitney U 
1,078.500 
P value .5980  
 
       The result of the independent-samples t test showed significant differences 
between means of NAG/CR ratio in males and females of patient group; (p = 
0.011), Table 4.14. In addition, no significant differences was found between 
means of GGT/CR ratio in males and females (p = 0.937). 
 
Table 4.14: Comparison of means for the NAG/CR ratio and GGT/CR ratio 









NAG /CR ratio  2.605 98 0.011 3.21077 1.23250
GGT /CR ratio  -0.080 98 0.937 -0.37862 4.74906
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       Results showed also significant correlations for females between NAG/CR 
ratio and each of TRF/CR ratio and GGT/CR ratio (p=0.001, p= 0.000, 
respectively), as shown in Table 4.15. Furthermore, there were no significant 
correlations between the three markers ratio in male. 
 
Table 4.15: Correlations of three markers ratio according to gender in 
patient group 








Correlation 1 0.366(**) 0.111 
TRF/CR 
ratio 
P value   0.001 0.191 
Pearson 
Correlation 0.366(**) 1 0.449(**) 
NAG/CR 
ratio  
P value 0.001   0.000 
Pearson 




P value 0.191 0.000   
Pearson 
Correlation 1 0.229 0.261 
TRF/CR 
ratio  
P value   0.089 0.062 
Pearson 
Correlation 0.229 1 0.087 
NAG/CR 
ratio  
P value 0.089   0.306 
Pearson 




P value 0.062 0.306   




       Table 4.16 shows the correlation of the three markers with duration of 
diabetes, BMI and age for patients group. There were no significant correlations 
between NAG/CR ratio, GGT/CR ratio and TRF/CR ratio with each of duration 




Table 4.16: Correlations of three markers ratio with duration of diabetes, 




       Chi-square test of independence is used to examine the correlation 
between the three markers with sport and smoking, since sport and smoking 
are classified into two groups (yes/no). 
       Tables 4.17 and 4.18 show the results of Chi-Square test of the three 
markers with sport and smoking for patients group. There were no significant 
correlations between NAG /CR ratio, GGT /CR ratio and TRF /CR ratio with 
each of sport and smoking for all patients. 
 













Correlation 0.063 0.027 0.003 
TRF /CR ratio 
P value 0.531 0.974 0.788 
Pearson 
Correlation 0.078 -0.023 0.013 
NAG /CR ratio 
P value 0.440 0.897 .8220  
Pearson 
Correlation -0.084 0.081 0.096 
GGT /CR ratio 
P value .4070  0.342 421.0 
 
Pearson Chi-
Square Value df P value 
TRF /CR ratio 1.357 2 0.507 
NAG /CR ratio 1.609 2 0.447 
GGT /CR ratio 5.841 4 .2110  
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Square Value df P value 
TRF /CR ratio 2.379 2 .3040    
NAG /CR ratio 4.092 2 0.129  
GGT /CR ratio 3.323 4 0.505 
 
 
       As shown in Table 4.19, there were significant correlations between NAG 
ratio and each of TRF ratio and GGT ratio (p=0.001, p= 0.000) for all patients 
group. 
 









Correlation 1 0.324(**) 0.162 
TRF /CR 
ratio  
P value   0.001 0.053 
Pearson 
Correlation 0.324(**) 1 0.340(**) 
NAG /CR 
ratio  
P value 0.001   0.000 
Pearson 
Correlation 0.162 0.340(**) 1 
GGT /CR 
ratio  
P value 0.053 0.000   
**. Correlation is significant at the 0.01 level (1-tailed). 
 
 
       Table 4.20 shows that 29% of patients had concentration level of TRF/CR 
ratio higher than normal range; 21% of them were females and 8% were males, 
32% had activity of NAG/CR ratio which was higher than normal range; 26% of 
them were females and 6% were males. In addition, 15% had activity of 
GGT/CR ratio which was higher than normal range; 8% of them were females 
and 7% were males.  
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Table 4.20: Count and percentage of abnormal results of three markers 
ratio in patient group 
 TRF /CR ratio NAG /CR ratio GGT /CR ratio 
Females 21 (21%) 26 (26%) 8 (8%) 
Males 8 (8%) 6 (6%) 7 (7%) 
Total 29 (29%) 32 (32%) 15 (15%) 
 
 
       One female patient had abnormally elevated levels of TRF/CR ratio, 
NAG/CR ratio and GGT/CR ratio (28.22, 18.89 U/mg and 102.00 U/mg 
respectively), as shown in table 4.21. 
 
 





TRF /CR ratio 
 
NAG /CR ratio 
     (U/mg) 
GGT /CR ratio 
(U/mg) 
Observed values 28.22        18.89 102.00 
Mean for all females 
in patient group 
























       DN is the most common cause of ESRD in both type-1 and type-2 diabetes. 
In the early stages of DN, there are no clinical signs or symptoms of renal 
disease. The first clinical evidence of nephropathy is MAU (i.e. the appearance 
of low, but abnormal, albumin levels in the urine, >30 mg/24h) [25]. Screening 
for MAU is recommended in all post-pubertal type-1 with diabetes ≥ 5 years 
duration and all type-2 diabetics on an annual basis [81]. Screening for MAU 
can be performed by three methods: measurement  of the albumin to creatinine 
ratio (ACR)  in early morning or random (untimed) spot urine collections, 24-h 
urine collection or timed urine collections(e.g. 4-h) [28]. The ACR in early 
morning urine has been shown to give a reliable estimate of 24-h albumin 
excretion rate. Although untimed specimens could be easily collected at the 
clinic, the use of these specimens is not accepted by some investigators. 
Cheung suggest that they are unreliable as a measure of albumin excretion rate 
because they may be affected by many factors such as exercise before arrival 
to the laboratory [23]. On the basis of these we used early morning urine 
samples in this study. 
       DN is perhaps the most serious complication, and is known to increase 
morbidity and mortality rates in diabetic patients. When clinical proteinuria 
occurs, renal changes are irreversible and DN progresses to chronic renal 
insufficiency. Thus, indicators are needed to predict an incipient DN which may 
be reversed by strict glycemic control. Such indicators should fulfill the following 
diagnostic and analytical criteria [112]: 
● They should be accessible by non-invasive, simple tests. 
● They must point out changes before total protein excretion 
    is abnormal. 
● Their determination should be reliable and valid. 
       Characteristic structural changes are found in the kidneys of diabetics, both 
in the glomerular basement membrane and in the tubular cells. Consequently, it 
can be supposed that glomerular and tubular functions reflect these metabolic 
and structural changes in the early stages of diabetes [112].  
       Therefore we measured some urinary analytes that are altered in their 
excretion behavior in case of glomerular (transferrinuria) and tubular 
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dysfunction (enzymes from proximal tubular cells, NAG and GGT ) in diabetic 
patients and examine whether urinary activities of NAG and GGT enzymes and 
concentration of transferrinuria are useful in the early detection of DN. We 
compared these results with control subjects . The test subjects were type-2 
diabetic patients with and without hypertension and different in sex. 
       The urinary TRF and urinary enzymes activities (NAG and GGT) were 
calculated in terms of their ratios with respect to CR concentration. The use of 
this ratio reduces the spread of data points by minimizing the variation due to 
diuresis induced concentration fluctuations. 
 
 5.1 The three markers ratio in patient and control groups 
5.1.1 NAG  
       NAG is the most widely assayed enzyme for the detection of renal disease. 
This is attributed in part to its relative stability in urine, and the fact that its high 
molecular weight of 130,000 D precludes its filtration through the glomerulus. It 
originates from the lysosomes located in the proximal tubules, but in actual 
practice is a more sensitive indicator of tubular damage than would be expected 
from its location. This is so because its secretion is easily perturbed, and is 
therefore able to indicate early renal involvement when there is still sufficient 
tubular capacity to reabsorb the increased glomerular filtration of albumin [19]. 
       Although NAG exists in physiological levels in the urine of healthy 
individuals, its excretion increases significantly in tubular lesions. Therefore, 
although proteinuria  is used as a marker of glomerular injury, urinary NAG is 
also widely used to gauge the tubular renal function [18]. 
       Our study shows that NAG is excreted in significantly greater amount in 
patients with type-2 DM compared with control subjects. The difference 
between the two groups was significant (p < 0.01). Our finding is in agreement 
with the study  of Basturk et al [24], Piwowar et al [54], Ishii et al [105], Mocan et 
al [106], Hirai et al [107], Ikenaga et al [110],  Perdichizzi et al [111], Vlatković et 
al [109] and Whiting et al [115] who studied urinary NAG activity in  type-2 
diabetic patients and control subjects, they found that the NAG activity 
increased significantly in diabetic patients compared with the control group. 
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       Similar results were obtained by Jung et al [112], Salem et al [116], Abdel 
Shakour et al [117] and Golov et al [118] ] who showed that urinary NAG was 
excreted in significantly higher amounts in type-1 diabetic patients as compared 
with control subjects. 
       Although Abdel Shakour, Salem, Jung and Golov  did their studies on type-
1 diabetes, some studies that included both type-1 and  type-2 diabetes  
patients found that the difference in the urinary excretion of NAG between type-
1 and  type-2 patients was small and not significant [19]. Anyhow, our target 
group was patients suffering from type-2 DM. Our results are in agreement with 
theirs concerning type-2 DM patients. 
       Also, Piwowar et al [54], Vlatković et al [109], Jung et al [112] ,Salem et al 
[116] and Golov et al [118] examined the influence of albuminuria on the 
activities of NAG enzyme. They found that urinary NAG activity increased 
progressively from normoalbuminuria, through microalbuminuria to macro- 
albuminuria groups, the observed differences in urinary NAG activities were 
significant in group comparisons. Our result could not confirm or negate these 
observations because we did not examine the influence of albuminuria on the 
activities of NAG enzyme in our population, therefore whether NAG enzyme 
precede the development of MAU needs further study. 
       On the other hand, Ambade et al [18] estimated albumin and enzymes 
NAG and GGT in the urine samples of type-2 diabetic patients and control 
subjects. They found that the excretion of NAG in diabetic patients was 
increased as compared to healthy controls (p < 0.001). Also they found that 
urinary NAG excretion was more than the normal control in both 
normoalbuminuric and microalbuminuric diabetic patients. They concluded that 
urinary NAG or GGT or both together do not have any clinical significance as an 
early marker of DN. Their conclusion based on  low correlation of NAG and 
GGT with urinary albumin excretion in diabetic patients but Salem et al [116] 
concluded that proximal tubular dysfunction may occur independent of 
glomerular alteration. This finding also contribute to the evidence that the 
pathological process, which eventually develops into DN, may start in the 
proximal renal tubules [116]. 
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       On the contrary of our result, Agardh et al [137] found that the activity of 
urinary NAG was not different in patients with and without nephropathy. 
Therefore, they concluded that the urinary activity of NAG is not related to the 
development of MAU and therefore cannot be used as a predictor for the 
development of DN. However, in their study the sample size was small (36 
patients) and their population was completely different from our population 
where each area has its own characteristics concerning diet, health practices , 
sport and smoking. Also, the activity of NAG enzyme in their samples may be 
inhibited by enzyme inhibitors that are excreted in urine as a result of some 
pathological conditions or using of some drugs.  
 
5.1.2 GGT 
       To date, over 100 urinary enzymes have been introduced for the diagnosis 
of renal impairment. GGT is one of the most frequently used enzymes [19]. It is 
located in the brush-border membrane of the nephron [112] exclusively along 
the proximal tubule of nephron [18]. The increase in urinary level of this enzyme 
may reflect either functional or structural changes of renal tubules [19]. The 
molecular weight of GGT is 84,000 D, so that, under normal circumstances 
GGT is not filtrated in the glomeruli, but its excretion increases in conditions 
associated with marked tubular injury. When the tubular cells are damaged, 
they release these enzymes into ultrafiltrate and thus the enzyme activities in 
urine increase [112].  
       Our study shows that GGT is excreted in significantly greater amount in 
patients with type-2 DM compared with control subjects. The difference 
between the two groups was significant (p < 0.01). This finding is in agreement 
with the finding of Ambade et al [18] in which excretion of urinary GGT in 
diabetic patients was found to be increased as compared to healthy controls (p 
< 0.01). Also they found that urinary GGT excretion was slightly more than the 
normal subjects in both normoalbuminuric and microalbuminuric diabetic 
patients (p < 0.01). 
       In the phase of incipient DN, hyperglycemia causes an imbalance between 
oxidation/antioxidation systems that occurs with increased production and 
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decreased clearance of reactive oxygen species, as well as with a dysfunctional 
antioxidant defense system [24]. Enhanced reactive oxygen species production 
leads to tubular cell damage and abnormal urinary enzyme excretion develop 
[10]. Also as a consequence of glycation, a change of energetic status of 
proximal tubules cell membrane leads to its damage and release of cytoplasm 
contents and organelles in the tubule lumen [109]. 
       One of important reasons which  to make differences between our NAG 
and GGT results and other studies results is that the pattern of renal enzyme 
excretion depends on several factors such as: intensity of damage, site of 
damage and localization of enzymes within these damaged cells (brush borders 
or lysosome), structures to which the enzymes are bound, physical properties of 
the enzyme molecules and biochemical factors such as stability at urinary pH, 
susceptibility to enzyme inhibitors or enzyme activators and the drugs and drug 
metabolites  that may interfere with enzyme determinations or even act as true 
inhibitors of enzymes. 
       The sources of activators and inhibitors of enzymatic activities in urine are 
the serum, the kidney, and genital secretions. It might be interesting to 
investigate the changes in inhibitor content of urine under different pathological 
conditions. One might encounter significant diagnostically useful variations. The 
same statement applies for some activators, about which much less is known 
than about the inhibitors [138].  
 
5.1.3 TRF  
       Structural and functional changes take place in the kidney already in the 
early phases of diabetes, prior to MAU, and include an increase in GFR, 
glomerular hypertrophy and hyperplasia, and changes in the extracellular matrix 
[54]. Alterations in the size and charge selectivity of the glomerular basement 
membrane have been considered as possible mechanisms responsible for the 
development of proteinuria in a diabetic individual [25]. It is well established that 
the detection of MAU in a patient with DM indicates the presence of glomerular 
involvement in early renal damage [24]. However, several studies have shown 
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that increases in transferrinuria was found in normoalbuminuric diabetic patients 
[20]. 
       Our study shows that TRF is excreted in significantly greater amount in 
patients with type-2 diabetes mellitus compared with control subjects. The 
difference between the two groups was significant (p < 0.01). Our findings are in 
accordance with the observations of other studies that have shown urinary TRF 
as a useful marker in detecting DN at an early stage. 
       Cheung et al [23], Zhou et al [119], Kanauchi et al [121] and McCormick et 
al [123] studied urinary TRF in  type-2 diabetic patients and O'Donnell et al 
[120] and Martin et al [122] studied urinary TRF in  type-1 diabetic patients, they 
found that the TRF concentrations increased significantly in diabetic patients 
compared with the control groups. These results are in agreement with our 
findings. 
       Bernard et al [22] and Kazumi et al [124] concluded that determination of 
urinary TRF is more sensitive than determination of MAU for early detection of 
glomerular involvement in diabetics. Our results could not confirm this 
conclusion because we did not examine the correlation between TRF and MAU. 
       However, TRF, with a molecular weight of 76,500 D, is a protein very 
similar in weight to albumin, though of slightly larger size (molecular radius of 
albumin, 3.6 nm; TRF, 4.0 nm) [19]. The greater excretion of TRF in diabetics 
may result from an enlargement of the glomerular basement membrane pores, 
which would cover the difference between the molecular radius of albumin and 
TRF  [22]. Also, TRF has an isoelectric point (PI) one unit higher, i.e, it is less 
anionic than albumin. In general, proteins with high PI are filtered more readily 
into Bowman’s capsule, as they are less repelled by the glomerular polyanion, 
and would be expected to be excreted earlier and/or in higher ratio than albumin 
[19]. In diabetic patients, glycosylated albumin has been demonstrated to be 
more anionic, and thus more repelled by the glomerular basement membrane 
polyanion. TRF, however, has been shown to be electrophoretically immobile in 




5.2 The three markers ratio in patients with and without hypertension  
       Our results have shown that the means of TRF and NAG in hypertensive 
diabetic patients were higher than non- hypertensive diabetic patients but these 
differences are not significant. In addition, TRF and NAG did not correlate with 
systolic and diastolic pressure in patients with and without hypertension.  
       Our findings with respect to NAG are in agreement with the findings of 
Basturk et al [24] and Salem et al [116] in which no correlation was observed 
between NAG and systolic or diastolic blood pressure. However, disagreement 
to our results, Cheung et al [23] and Abdel Shakour et al [117] showed that TRF 
and  NAG correlated significantly with systolic and diastolic blood pressure. 
       Our results showed that the mean of GGT in hypertensive diabetic patients 
was lower than non-hypertensive diabetic patients but this difference is not 
significant. In addition, low correlation was found between GGT and systolic and 
diastolic blood pressure in hypertensive diabetic patients (r=0.38 and r=0.33; 
respectively). However, individual variations are reflected on the results of 
previous researchers and it is hard to match them with ours due to such 
variations. 
     It is known that hypertension develops and accelerates the progress of 
kidney disease [1139]. The prevalence of hypertension in type-2 diabetes is 
higher than that in the general population. At the age of 45 around 40% of 
patients with type-2 diabetes are hypertensive, the proportion increasing to 60% 
by the age of 75 [62]. Aggressive reduction of an elevated blood pressure to 
levels below 140/90 mm Hg will retard the progression of diabetic renal disease 
[140]. 
       The non or low correlation among our study markers with systolic or 
diastolic pressure in hypertensive diabetic patients could be a result of using 
antihypertensive drugs which bring blood pressure back to normal or close to 
normal borderline. In addition, other factors should be considered e.g sample 
size, methods of assay as well as personal factors of each patient. 
 
 75
5.3 The three markers ratio in males and females of patient group 
       Our data showed no significant difference in TRF and GGT excretions 
between males and females. On the other hand, there was a significant 
difference in NAG excretion between males and females. This apparent 
difference is a result of high dissimilarity in count between males and females 
where our patients  consisted of 64 of females and 36 of males.  
5.4 The correlations among three markers ratios together and with 
duration of diabetes in patients group 
 
5.4.1 The correlations among three markers ratios 
5.4.1.1 NAG and GGT 
       The obtained values showed a slightly positive correlation between the 
NAG and GGT enzymes (r=0.34) which means that the increase in one enzyme 
activity follows the increase in the other. Other authors obtained conflicting 
results; Ambade et al [18] showed that very low correlation existed between the 
NAG and GGT enzymes (r=0.17), Morita et al [102] and Jung et al [112] 
showed that no correlation existed between urinary NAG and urinary GGT. 
However, we believe that follow up of patients for extended period of time may 
show more stronger correlations.  
 
5.4.1.2 NAG and TRF  
       The obtained values showed a low positive correlation between NAG and 
TRF (r=0.32) which means that a low correlation existed between glomerular 
and tubular markers. This finding may indicate that tubular injury can be 
detected biochemically independent of glomerular alteration. Salem et al [116] 
reported that renal tubular dysfunction in diabetic patients occurs independent 





5.4.2 The correlations between the three markers ratios and duration of 
diabetes 
       No correlation (P > 0.05) was found between urinary NAG, GGT and TRF 
levels in diabetics and diabetes duration. The lack of correlation with duration of 
diabetes may be explained by the nature of our population. In many of our 
patients diabetes was diagnosed incidentally or diagnosed only after many 
years of symptoms. Cheung et al [23] reported that assessment of duration of 
type-2 diabetes is very difficult and is likely to be underestimated in most 
patients. 
 
5.5 Count and percentage of abnormal results of three markers ratio in      
   patients group 
       In our study, It was found that  32% have shown elevated NAG excretion 
but GGT excretion was elevated only in 15% of cases.  This result was found to 
be more or less similar to Cheung et al [141] results where NAG was found to 
be elevated in 24.5% normoalbuminuric diabetic patients and to Ambade et al 
[18] results where GGT was found to be raised in 15.8% of diabetic patients. On 
the other hand, in our study the increased excretion of NAG in 32% diabetic 
patients was considerably less than some of the other studies. Salem et al [116]  
found increased excretion of NAG in 60% normoalbuminuric diabetic patients, 
Jung et al [112] in 89% diabetic patients without proteinuria, Cohen et al [108] in 
92% diabetics without nephropathy and Abdel Shakour et al [117] in 59.5% of 
diabetic children. However in these studies not only the sample size was small  
but also the sample used was untimed random urine sample and their groups 
were not identical to our group. 
       Also, in our study the increased excretion of GGT in 15% diabetic patients 
was considerably higher than Cheung et al [141] results which showed 
increased excretion of GGT in 6.1% normoalbuminuric diabetic patients. 
Cheung et al used untimed random urine sample to measure GGT as early 
diagnostic marker for diabetic nephropathy. 
       Our data showed that 29% of patients had concentration level of TRF ratio 
higher than normal range. This result was found similar to Kazumi  et al [124], 
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McCormick et al [123] and Kanauchi et al [121] whom found that TRF raised in 
20.7%, 25.5% and 33.3%; respectively of normoalbuminuric diabetic patients. 
However in our study the increased excretion of TRF in 29% diabetic patients 
was considerably less than some of the other studies. O'Donnell et al [120] 
found increased excretion of TRF in 77.8% diabetic patients with normal 
albumin excretion rates and Cheung et al [23] in 61% normoalbuminuric 
diabetic patients. Cheung et al used untimed random urine sample and 
O'Donnell et al used small sample size in their studies. The difference between 
our results and others may be explained on the basis of the nature of assayed 
specimen, method of assay and sample size. Anyhow it is clear that TRF is a 
sensitive and useful marker for early detection of future DN.  
       The obtained results showed that one female patient had abnormally 
elevated levels of TRF ratio, NAG ratio and GGT ratio. After coming back to the 
data of this patient and in comparison with other patients data, we found that 
this patient had high systolic and diastolic pressures (160/90), high glucose 
level in fasting glucose test (265 mg/dl), high duration of diabetes (19 years 
ago) and high BMI (47.6 Kg/m2). Most risk factors of diabetic nephropathy were 
accumulated in this patient therefore all the three markers ratio were abnormally 
elevated. We believed that this case needs more attention from the physicians, 


















6.1. Conclusions  
       The urinary TRF concentration and NAG and GGT enzymes activity 
demonstrated a significant difference between diabetic patients and control. 
This indicates that the appearance of the NAG and GGT enzymes in urine most 
likely results from tubular damage and determination of these  enzymes activity 
may be useful as a non-invasive surrogate test of incipient DN and in monitoring 
disease progression. Also, the urinary TRF may be useful in detecting DN at an 
early stage. It is preferable to perform TRF, NAG and GGT assays on early 
morning urine and report results on a per mg CR. 
       The non or low correlation among our study markers and systolic or 
diastolic pressure in hypertensive diabetic patients could be a result of using 
antihypertensive drugs. Also, there is no apparent significant difference in TRF, 
NAG and GGT  excretions between males and females.  
       The slightly positive correlation which existed between the NAG and GGT 
means that the increase in one enzyme activity follows the increase in the other. 
The low positive correlation which existed between the NAG and TRF indicates 
that tubular injury can be detected biochemically independent of glomerular 
alteration. The lack of correlation in our study markers with duration of diabetes 
may be explained by the nature of our population where the many of our 
diabetic patients were diagnosed incidentally or diagnosed only after many 
years of symptoms onset. 
 
       The study shows that 32% have shown elevated NAG excretion but GGT 
excretion was elevated only in 15% of cases and TRF was found higher in  29% 
of patients. One female patient had abnormally elevated levels of TRF ratio, 






• Patients with type-2 diabetes particularly; patients with high risk for DN 
should be instructed to measure urinary TRF ratio, NAG ratio and GGT ratio 
regularly for early detection of DN. 
 
• Long-term studies are needed to clarify whether tubular markers (NAG and 
GGT) and glomerular marker (TRF) precede the development of  MAU. 
 
• Further studies are needed to investigate the other biochemical markers 
that help in early diagnosis of DN. 
 
• It is important to increase the knowledge and awareness of diabetes 
patients in order to early-protect themselves from the complications of this 
disease. As a result, they will not face future adverse consequences.    
 
• Notification of health authorities about the results of this study, to investigate 
the introduction of new laboratory tests for early diagnosis of DN. 
 
• Adoption of non-invasive laboratory tests for the comfort of patients. 
 
• It is important to develop statistical system at the MOH and make annually 
report contains statistical information about diabetes mellitus and other 
diseases in Palestine.  
 
• The field of early diagnosis for DN and diabetic complications in general 
deserve more studies since it is a very important subject, but unfortunately 
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The samples values of diabetic subject group 
 








1  4.00  42.20  8.00  .60 
2  12.60  71.20  2.70  1.20 
3  10.10  40.90  1.10  .85 
4  14.20  36.60  5.60  .70 
5  9.80  56.70  5.40  .85 
6  4.70  48.50  7.00  1.10 
7  4.40  33.20  6.90  .50 
8  4.80  27.30  6.60  .70 
9  7.40  59.00  6.70  1.05 
10  17.70  33.50  6.30  1.50 
11  15.70  53.50  7.60  1.30 
12  7.70  39.80  7.40  .55 
13  8.60  39.80  7.00  .70 
14  6.00  44.70  6.20  1.60 
15  9.50  49.30  7.10  1.00 
16  8.00  38.70  5.10  1.85 
17  10.50  38.80  7.00  .85 
18  10.70  52.20  5.90  .90 
19  10.70  64.80  7.80  .60 
20  9.90  52.10  7.20  .65 
21  10.40  53.40  7.10  .65 
22  10.30  40.60  7.50  .70 
23  10.60  44.80  7.40  .60 
24  10.20  49.30  4.80  .75 
25  3.40  49.40  4.90  1.05 
26  2.70 53.60 4.80 1.20 
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27  2.90  58.00  4.70  1.40 
28  1.20  48.80  4.60  1.10 
29  .90  49.30  4.80  .65 
30  .20  45.40  4.70  .40 
31  3.30  36.00  4.80  1.65 
32  .30  34.10  4.70  .85 
33  4.90  37.80  5.50  .80 
34  9.40  25.40  4.50  1.50 
35  11.10  40.70  4.70  .40 
36  .70  89.30  5.10  1.05 
37  8.80  50.80  4.10  .70 
38  1.50  68.20  3.90  1.50 
39  2.10  89.50  5.10  .90 
40  6.40  52.40  4.40  .85 
41  8.00  50.70  4.60  .75 
42  12.10  48.20  4.80  .40 
43  7.50  54.90  5.50  1.20 
44  2.20  60.80  .20  .85 
45  1.00  44.20  .30  1.25 
46  2.90  43.00  .30  .75 
47  1.30  42.90  5.90  1.05 
48  .30  33.60  1.60  .45 
49  7.60  117.00  .20  2.25 
50  .40  44.60  10.70  .45 
51  1.80  36.60  2.40  .60 
52 2.20  57.30  3.20  .75 
53  10.30  89.00  .50  2.30 
54  5.80  28.70  8.10  .85 
55  30.  44.20  16.00  1.05 
56  3.80  19.50  13.70  .60 
57 6.00 54.40 32.30 1.65 
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58  2.30  47.10  22.80  1.35 
59  3.90  42.50  14.80  .70 
60  4.40  30.20  12.40  .70 
61  6.00  57.60  10.70  1.75 
62  12.40  70.10  16.00  1.35 
63  9.60  27.60  15.50  .70 
64  4.00  50.50  10.60  1.05 
65  26.50  83.40  18.30  2.90 
66  2.80  36.40  18.10  .45 
67  5.20  29.20  16.40  .85 
68  1.70  25.00  11.20  .65 
69  10.00  32.00  11.70  .60 
70  6.00  45.00  15.60  .65 
71  10.00  77.00  13.20  1.50 
72  9.20  45.10  23.90  1.35 
73  21.90  72.00  29.20  1.50 
74  5.20  17.00  10.40  .55 
75  5.40  36.00  19.50  1.00 
76  7.30  40.50  15.30  .60 
77  6.10  38.00  18.60  1.30 
78  3.40  39.00  12.70  .45 
79  4.40  29.00  10.40  .60 
80  10.10  50.60  16.10  .70 
81  5.90  27.60  11.00  1.40 
82  5.10  47.00  21.30  1.05 
83  4.90  39.40  23.60  1.20 
84  9.50  57.80  18.10  1.20 
85  9.00  49.80  15.00  1.25 
86  10.50  52.80  18.20  .95 
87  5.10  27.80  16.10  2.80 















































89  8.50  20.30  11.20  .55 
90  5.80  33.80  10.60  2.30 
91  18.50  17.10  33.00  .70 
92  10.10  47.40  13.70  .65 
93  8.30  91.50  19.70  2.50 
94  9.20  48.30  22.20  2.10 
95  10.50  34.00  13.70  .95 
96  4.90  43.80  14.80  .80 
97  5.00  30.90  20.80  .55 
98  6.50  40.50  10.70  .85 
99  2.90  35.20  17.40  .45 
100 8.50 45.90 12.70 .45 
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Appendix B 
The samples values of control subject group 
 








1  5.50  29.80  .90  .74 
2  8.00  58.80  7.20  2.30 
3  4.00  32.70  9.90  2.00 
4  5.30  26.70  8.00  1.40 
5  3.50  29.10  6.50  .65 
6  4.80  48.30  5.70  1.70 
7  6.90  37.90  6.00  1.20 
8  7.30  28.10  5.90  2.15 
9  11.90  34.80  6.40  .45 
10  6.30  28.50  6.80  .70 
11  8.70  25.00  7.10  1.25 
12  9.50  27.60  7.80  .75 
13  6.30  33.90  7.60  .80 
14  4.70  33.20  7.50  1.75 
15  9.90  24.20  7.50  3.70 
16  6.10  32.70  7.40  1.65 
17  3.50  50.00  7.60  2.35 
18  2.50  25.80  7.30  .65 
19  10.10  34.50  7.10  .85 
20  10.20  35.40  7.20  .95 
21  12.20  30.80  6.90  .75 
22  10.70  29.50  7.20  1.15 
23  5.40  41.50  6.70  .70 
24  1.80  27.30  4.70  1.10 
25  1.10  41.80  4.80  .90 
26  .10 26.50 4.70 1.40 
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27 1.80  29.70  4.70  .60 
28 1.20  42.80  4.70  .30 
29  .60  28.90  4.70  1.75 
30  .50  32.40  4.60  .85 
31  .80  27.00  4.70  .70 
32  2.00  21.80  4.70  1.70 
33  1.70  26.50  4.70  1.25 
34  5.00  27.00  5.10  1.20 
35  6.30  30.00  5.40  .74 
36  6.50  35.20  5.40  1.50 
37  6.20  36.10  4.70  .65 
38  10.30  29.80  5.00  .70 
39  10.80  28.70  5.50  .50 
40  4.10  31.20  3.50  1.80 
41  5.10  34.40  4.90  1.70 
42  10.70  32.20  2.80  1.25 
43  4.90  35.30  5.20  1.90 
44  3.40  35.40  13.50  1.60 
45  1.50  58.10  1.30  1.20 
46  5.20  37.90  5.50  1.40 
47  .40  31.10  3.90  1.05 
48  .30  31.50  2.00  1.35 
49  .80  30.10  13.80  .65 
50  2.40  31.10  .20  1.15 
51  1.00  32.10  8.60  1.85 
52  .40  37.40  1.80  1.40 
53  .80  31.90  .30  1.10 
54  8.10  62.30  5.20  .95 
55  2.50  51.10  2.00  .35 
56  7.50  36.50  1.60  .65 
57  2.30 35.30 11.10 .65 
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58 1.00  62.00  2.00  .75 
59 .60  39.20  13.00  .55 
60  4.20  29.20  1.90  1.25 
61  .90  31.90  7.30  .75 
62  .90  31.50  6.80  .95 
63  4.00  28.60  1.60  .85 
64  11.90  36.00  10.10  2.60 
65  2.30  46.40  11.20  1.40 
66  3.20  33.20  14.30  1.65 
67  2.70  34.40  10.00  1.10 
68  1.40  49.80  17.40  .40 
69  4.00  13.90  11.40  .35 
70  11.50  26.60  11.90  .75 
71  1.20  31.90  23.60  .50 
72  2.10  32.50  13.70  .95 
73  3.20  26.20  17.10  .90 
74  7.10  40.40  27.40  3.60 
75  3.10  33.00  14.30  2.50 
76  4.20  38.00  16.10  1.85 
77  4.70  37.20  11.00  .75 
78  4.90  42.40  14.50  .70 
79  2.20  27.00  9.80  1.50 














أرجو المساعدة في تعبئة هذا االستبيان من أجل ) . طالبة ماجستير بالجامعة اإلسالمية (شيماء شبير / أنا الباحثة
ن الناقل للحديد آعالمات  تشخيصية مبكرة لمرض اعتالل  بعض اإلنزيمات والبروتي الكشف عنعمل بحث حول
.الكلى السكري عند مرضى السكري من النوع الثاني في غزة  
  
                  )اختياري(ـــــــــــــــــــــــــــــــــــ : رقم الهاتف أو الجوال )      اختياري (ـــ  ــــــــــــــــــــــــــــــــــ: االسم
                                                                              
  ـــــــــــــــــــــــــــــــــــــ                  :العمر                              أنثى  ذآر                          :الجنس 
   
                    ــــــــــــــــــــــــــ :        BMI   ـــــــــــــــــــــ :  الوزن                 ــــــــــــــــــــ:  الطول
                                                                      
  ـــــــــــــــــــــــــــــ :االنقباضيضغط الدم   ـــــــــــ                ـــــــــــــــــــــ : االنبساطيضغط الدم 
  
  
  ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــفي أي عام  تم تشخيص السكري ألول مرة لديك ؟     )1
 
  ــــــــــــــــــــــــــــــــــــــــــــــــــــــآم آان عمرك وقت تشخيص المرض ؟    )2
  
  سكر في الدم لديك بشكل دوري ؟ هل تقوم بفحص ال )3   
  
  ال   نعم                                        
  
   ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــمتى أخر مرة قمت بفحص السكر؟  - أ:       إذا آانت اإلجابة نعم 
                                 
   ــــــــــــــــــــــــــــــــــــــــــــــماهو معدل السكر في أخر فحص قمت به ؟  -               ب                 
                            
 هل يعاني أحد  أفراد عائلتك من مرض السكري من النوع الثاني ؟ )4
  
  ال      نعم                                     
     
  ماهي درجة القرابة ؟: آانت  اإلجابة نعم         إذا 
  
          ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ
  
 ماهو نوع العالج الذي تستخدمه في الوقت الحالي ؟ )5
  
   جميعهم - د   فم     أقراص دواء عن طريق ال-ج  حمية غذائية           -  ب إنسولين                  -أ    
  
  :     إذا آنت تستخدم أقراص دواء عن طريق الفم  
  
    فهل تتناول هذه األقراص بانتظام ؟ -     أ
                                                             
  ال      نعم                                     
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   ؟التي تستخدمهاما هو اسم األقراص   - ب
  
  ـــــــــــــــــــــــــــــــ    ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ
  
   الحمية الغذائية فهل أنت ملتزم بها تماما ؟إذا آنت تتبع
     
  ال            نعم                               
  
 إذا آنت تستخدم اإلنسولين آعالج فهل أنت مواظب على أخذ العالج بالجرعة المحددة التي وصفها لك            
  الطبيب وفي الوقت المحدد لها ؟   
   
  ال  م                         نع                
  
  هل حدث تغيير في نوع العالج المستخدم خالل الخمس سنوات األخيرة ؟ )6
  
  ال     نعم                                      
   






  هل تعاني من ارتفاع ضغط الدم ؟ )7
  
  ال  نعم                                         
   
  :إذا آانت اإلجابة  نعم 
  
  ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ ضغط الدم ؟ ارتفاعمنذ متى وأنت تعاني من   -أ
  
  ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ ؟ ضغط الدمارتفاعتستخدمه لعالج  العالج الذي اسمماهو  -ب
  
  هل تمارس أي نوع من أنواع الرياضة ؟ )8
  
  ال  نعم                                         
  
  ؟و آم مدتهاماهو نوع الرياضة التي تمارسها :  آانت اإلجابة نعم    إذا
    
  ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ
  
  هل تمارس عادة التدخين ؟ )9
  
       ال     نعم                                 
  




  ي ؟هل تعاني من أي مضاعفات لمرض السكر  )10
  
   غيبوبة السكري                 -أ
  ال                                نعم          
   أمراض القلب -ب
   ال   نعم                                       
  
   أمراض الكلى -ج
   ال   نعم                                       
  
  مشاآل في العين -د
  ال  نعم                                         
   
   مشاآل في األعصاب -هـ 




 هل تعاني من أمراض الكلى الناتجة عن أسباب أخرى غير مرض السكري؟  )11
  
    ال    نعم                                      
  
  
   أخرى غير مرض السكري ؟ هل تعاني من أي أمراض )12
  
    ال  نعم                                        
  
 ماهو نوع المرض ؟:  إذا آانت اإلجابة نعم      
  ــــــــــــــــــــــــــــــ          ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ
    
  :نتائج الفحوصات المخبرية  )13
  اسم الفحص  النتيجة
  NAG U/L  
  GGT U/L  
  TRF mg/dl  
  CR mg/dl  
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